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~FAUNES ET FLORES EN STRATIGRAPHIE DE DETAIL 
Par ARMAND RENIER. 
Belgium 
RESUME 


Le réle de la paléontologie en stratigraphie n’a pas cessé de s’étendre et de se préciser. Flores et faunes sont, tout 
‘compte fait, d’égal intérét. Paléobotanique et paléozoologie doivent étre semblablement enseignées aux futurs géologues. 
Si la systématique reste fondamentale, un exposé rapide des divers modes de fossilisation doit lui servir d’introduction, 
afin de mettre l’observateur en état de tirer parti de tout élément utilisable. D’autre part, Age et faciés doivent étre 
envisagés conjointement: la paléontologie éclaire, non seulement la chronologie, mais aussi la paléogéographie, voire, 


objet plus délicat, la paléoclimatologie. Des exemples typiques d’applications, de cas vécus, méme erronés, sont aussi, 
pour l’éléve, hautement instructifs. 


et 


"ECHANGE de vues inscrit 4 l’ordre du jour de cette XVIIe Session du Congrés géologique 
international sous le titre Faunal and Floral Facies and Zonal Correlation, est une reprise ou une 
révision de la question examinée, il y aura bientdt un demi-siécle, par la défunte Section de Strati- 

graphie et de Paléontologie du. Congrés et administrativement résolue a Paris, le 18 aofit 1900, par 
Padoption, non sans réserves, du rapport de la Commission Internationale de Classification Strati- 
graphique. 


* * * * * 


Aprés s’étre mis plus ou moins d’accord sur la dénomination des divisions de premier, deuxiéme et 
troisiéme ordres, respectivement qualifiées de Groupes ou Eres, Systémes ou Périodes, Séries ou 
Epoques, le rapport, rédigé par Eugéne Renevier et adopté par l’assemblée, Se SEU 


d. Divisions de 4e ordre -AGES—Ftages. 


La Commission reconnait que les divisions de 4e ordre n’ont plus qu’une valeur régionale et ne sont 
donc pas absolument nécessaires a la classification internationale. 


e. Divisions de 5e ordre —PHASES—Zones. 


Quant a ces subdivisions, encore plus locales, il sera encore plus difficile d’avoir une terminologie 
fixe; mais au moins est-il 4 désirer que la forme du nom rappelle l’ordre de la subdivision et soit, 
autant que possible, la méme pour les différentes Périodes ou les différentes régions. 

Aussi la Commission, tenant compte de l’usage trés général des zones paléontologiques, pour les 
terrains de l’ére mésozoique, recommande de désigner autant que possible les divisions de Se ordre 
d’apres un fossile caractéristique essentiel au niveau en question: 

Exemples: 

Zone a Amaltheus margaritatus. 
Zone a Psiloceras planorbis. 
Zone a Productus horridus. 
Zone a Cardiola interrupta. 


* * * * * 


Entre ce texte et le libellé du sujet ici discuté, l’opposition est flagrante, presque absolue. C’est 
que les résultats de Vexploration statistique des suites sédimentaires se sont entre- eS affirmés plus 
clairement. Si dans une région type il est encore permis de dire de fagon absolue “ Zone a... ”, 
tout ailleurs, cette expression n’a qu’une valeur relative: “ Zone 4 —” s’entend “ Zone dite a=", 
tout comme, surtout jadis,—aux temps héroiques,—alors que la classification était a base minéralogique 
et ainsi que d’Omalius en faisait explicitement la remarque, on continuait a parler de “ Calcaire 
carbonifére ” méme 1a ov tout calcaire était absent, et aussi de “ terrain houiller sans houille! ” ! 
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‘ wis ate ay eS Be if 
Tee Ces n naive et candide pour tout débutant que d’imaginer comme a’ sion ve 
trés réduite de facon absolue toute forme animale et végétale qu’il vient 4 découv: te 


__yerticale observée dépend tout 4 la fois du niveau stratigraphique, c’est-a-dire de Page du sédim 

fe et de son faciés. ey . oS OL naa el 

Quoiqu’il en soit, certains auteurs de traités, méme élémentaires, de Paléontologie ont mille foi 
raison de mettre sous les yeux de leurs lecteurs des représentations diagrammatiques ot sont précisées 
et la localisation primitivement assignée 4 certaines formes et I’extension verticale, de beaucoup plus 
considérable, qui leur est 4 présent reconnue. a 

Sans doute pourrait-on chicaner longuement a ce sujet et, moyennant une pulvérisation des espéces, 
réduire l’extension verticale de chacune d’elle. La Systématique est une science haute et délicate, déja 
quand il s’agit des vivants; a plus forte raison lorsqu’il s’agit de lignées éteintes, donc sans représentant — 
dans la nature actuelle. Il serait oiseux d’en discuter ici, surtout quand, introduisant la notion faciés, — 
il faudrait examiner le cas des espéces représentatives. 


* * * * * 


Zonal correlation peut se traduire stratigraphie de détail. La zone ou phase n’est-elle pas classique- 
ment le moindre des termes dans la gradation des subdivisions stratigraphiques? Elle acquiert toujours 
un intérét d’autant plus grand qu’elle est de puissance plus petite. C’est bien le cas lorsqu’elle se réduit 
a une strate, couche ou banc, et est alors qualifiée d’horizon; ainsi en est-il surtout dans les gisements — 
miniers, car elle y permet une plus exacte définition de la richesse. 

* * * * * 


Comme les gisements souterrains peuvent permettre une exploration plus poussée notamment 
dans les anticlinaux, une maniére de répondre a la question posée ne serait-elle pas de dire les résultats 
d’une exploration poursuivie durant de prés de cinquante années dans le bassin houiller de Liége, sur 
Phorizon a Gastrioceras subcrenatum. 

Le bassin houiller de Liége est un vrai bassin; c’est le seul, 4 partir de la frontiére allemande, 
qui puisse, sur une distance de 76 km, se distinguer sur la retombée orientale de l’anticlinal transversal 
du Samson ou dorsale de la Belgique. Long d’environ 30 km, il est apparemment large au maximum 
de 13 km, son bord méridional étant partout masqué par des massifs charriés. (Fig. 1.) is 

Les allures en sont clairement précisées sur la coupe horizontale, au niveau de—200 m publiée 
en 1941 par M. Emile Humblet dans son mémoire sur Le Bassin Houiller de Li¢ge (Revue Universelle 
des Mines, 8eS., t. XVII, no. 12). Cette coupe horizontale nous servira de canevas, flanquée qu’elle 
est d’une coupe verticale plane, de trace A B. donc en travers du bassin suivant sa plus grande largeur. 
Sur cette coupe horizontale sont simplement résumées les allures marginales de la veine Désirée ou 
Bouxharmont, l'une des plus inf€rieures qui soient exploitées; c’est précisément celle que surmonte 
Phorizon dit a Gastrioceras subcrenatum. 

Comme l’a rappellé M. Humblet, le débrouillement stratigraphique du bassin de Liége est a 
présent poussé si loin que horizon en question est partout défini avec certitude en dépit des variations 
des caractéres paléontologiques de son toit. Pour aboutir a ce résultat, on a progressé de proche en 
proche en relevant tous les niveaux accessoires qui flanquent horizon considéré, 

L’axe principal du bassin ou Synclinal de Liége est dirigé SW—NE, donc varisque. Son point le 
plus bas est au croisement d’un pli transversal de direction armoricaine, le Synclinal du Horloz, auquel 
succédent vers NE l’anticlinal de Bressoux, puis le Synclinal de Wandre. 

Le bord S du synclinal de Liége, redressé a la verticale dans l’extréme SW du bassin, est le flanc 
N d’un anticlinal longitudinal dit de Flémalle, qui s’ennoie et s’atténue vers NE, soit vers l’ombilic 
du Horloz. Le flanc S de lanticlinal de Flémalle, distingué souvent comme bassin de Seraing, comporte 
une suite de plis qui s’extériorisent, au NE de l’anticlinal du Horloz, notamment comme anticlinal 
de Cointe et, plus au SE, anticlinal de la Chartreuse et se compliquent de chevauchements. 

Le bassin de Herve est, au S de ces anticlinaux longitudinaux et 4 l’E de l’anticlinal de Bressoux, 
une fagon d’expansion méridionale du bassin de Liége. La complication de ses massifs en structure 
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briquée ressort clairement de la sane Recticaie transversale 
-Hadelin qui, superficiellement, en constitue la limite méridionale, 
“comparable a la faille eifélienne, qui limite semblablement le bassin de Serai 


transversal de Bressoux. “ay, . 
A présent, voici ce qu’a appris lexploration PacPnioloeiG ‘du “toit” de la veine Desi 


% 
it 


i Bouxharmont. " 
Dés avant 1830, un Ammonoidé rangé finalement comme Gastrioceras et qualifié d’abord ¢ 


listeri, puis de carbonarium ou, enfin, de subcrenatum, a été recueilli en divers endroits du bassin de | 
Herve. Les échantillons les plus remarquables sont en ronde bosse et proviennent de nodules calcareux ‘ 
paniformes, a crofite pyriteuse. La stratification de la masse est nette. A cdté de formes adultes, on — 
observe une multitude d’individus plus jeunes, et plus rarement des lamellibranches, des fragments de — 
poissons. Mais hélas! jusqu’ici trop peu de recherches systématiques ont été entreprises pour rechercher — 
dans le détail les variations géographiques de cette faune. Assez récemment, j’ai eu l’occasion, par — 
suite d’une nouvelle recoupe en travers-bancs, de faire quelque récolte 4 l’extréme SW du bassin de 
Herve: beaucoup de coquilles de Pélécypodes (Myalina ou Posidonomya): nombreuses Posidoniella 
laevis ; non moins nombreux Ostracodes et formes naines de Gastéropodes; jusqu’ici pas de Céphalopodes 
autre qu’ Anthracoceras arcuatilobum. Associés a toute cette faune, des débris végétaux, souvent trés 
macérés, parfois imprégnés de sulfures ternes (pyrite?): Aulacopteris, Calamites, Cordaites, Sigillaria 
elegans. 

Dans le bassin de Seraing, a la fosse des Six Bonniers, récemment abandonnée, on a, en divers | 
points, également rencontré depuis 40 ans, un toit de faciés nettement marin, avec Gastrioceras, mais 
sans que, par aucune étude détaillée, il ait été tenté de définir l’extension de ces plages. On est 14 dans 
Vextréme prolongement méridional du synclinal du Horloz, mais aussi au voisinage de la faille eifélienne, 
qui, cisaillant le gisement, ne permet plus d’en connaitre l’extension vers le sud. 

Au bord nord du bassin de Herve, on a au contraire pu observer nettement la terminaison du 
faciés 4 Gastrioceras. Il y succéde un bande, pas bien large, avec joints couverts d’une forme d’énigma- 
tiques tortillons que Maitre Pierre Pruvost a dénommeés Scapellites minor. Puis, apparait une flore 
subautochtone, enfin autochtone, avec nombreux Calamites et Ulodendron lycopodoides (troncs avec 
cicatrices raméales, rameaux feuillus, strobiles) et sous-bois (Pecopteris plumosa, Alethopteris cf. 
lonchitica, etc.). On est la sur le flanc SE de l’anticlina! de la Chartreuse. 

Flore similaire, sinon identique, 4 Ougrée et 4 Sclessin vers l’extrémité orientale du bassin de 
Seraing sur le versant SE de l’anticlinal de Cointe et au flanc N de cet anticlinal, 4 Jupille, ot abondent 
les Calamites. Fi 

Mais en poursuivant vers NE et en y explorant, grace a la surélévation, le tréfonds du Synclinal de ’ 
Liége: rencontre de Gastrioceras, puis, peu au NW, sur le versant de ce bassin, d’une bande a 
Scapellites minor, 4 Trembleur, ou a Lingula peu a ’W. Plus au nord encore, a Cheratte, flore 
subautochtone, puis autochtone avec Neuropteris schlehani, Alethopteris decurrens, etc., et ainsi jusqu’aux ; 
affleurements, 4 Oupeye, situés en dehors des limites de la coupe horizontale, parce quwils sont a 
une cote de beaucoup supérieure au niveau de celle-ci; tel est également le cas sur la bordure N du 
bassin de Herve. 

Tout a l’extrémite occidentale du bassin de Liége, 4 la Mallieue (Engis), le dressant de son flanc S 
a également fourni de nombreux specimens de Gastrioceras, tandis qu’a l’extrémité occidentale du 
bassin de Seraing, le toit de Désirée n’a fourni que des débris végétaux hachés comme paille au S de 


l’anticlinal de Flémalle et des buissons de Calamites sur son flanc N. 
* * * * * 


ag! 


De toute cette recherche, la conclusion pratique est celle qui a été indiquée dans le résumé: 
Nécessité d’explorations trés poussées et, en fagon de préparation a cette tache, mise sur pied d’égalité 
de la Paléobotanique et de la Paléozoologie dans l’enseignement de la Paléontologie. 

Sans doute, les restes animaux sont-ils au moins en apparence d’une étude plus simple pour le 
débutant; mais les végétaux se présentent bien mieux a une initiation aux divers phénoménes de la 
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fossilisation, notamment a l’appréciation du caractére d’autochtonie et d’allochtonie; Alfred Nathorst 
a réclamé avec insistance que l’exploration des gites fossiliféres soit exécutée et rapportée de maniére 
a définir de fagon plus précise cet aspect du faciés. Ce serait un sérieux progrés. 


* * * * * 


Dans |’exemple briévement deétaillé ci-dessus, on constatera les relations entre faciés et tectonique. 
Cest l’importance de la subsidence, mettant fin 4 la formation de la couche de houille, qui détermine 
les variations de faciés. 

L’espace réduit ici imposé ne permet pas d’insister sur ce point, ni sur mille autres détails. 


e 


DISCUSSION 


P. E. Pruvost said: Je suis heureux de saisir cette occasion fournie par la trés intéressante communication du 
Professeur A. Renier, pour souligner les récents progrés obtenus, tant dans ce pays grace aux remarquables études du 
Dr. A. E. Trueman, que dans l'Europe continentale, en appliquant la notion de faciés, un instant oubliée par les strati- 
graphes, a l’étude des bassins houillers. Les méthodes de paléontologie stratigraphique ne sont pas absolues. A cété 
d’elles doivent étre employées d’autres méthodes, dont la connaissance et l’utilisation suppose |’ “ intelligence,”’ comme 
vient de le rappeler le Dr. Trueman, et c’est grace a cela que l’on peut espérer arriver 4 reconstituer l’histoire géologique 
d’un bassin de sédimentation. 

S. VAN DER HEIDE said: Ce qui m’a frappé surtout dans votre conférence c’est que la couche de houille, dont vous 
avez parlé, est plus épaisse dans les endroits ou vous avez trouvé le faciés marin dans le toit de la couche. Je me demande 
si ce n’est pas le tassement de cette couche, qui a joué le grand réle. Ce tassement a été beaucoup plus fort dans les 
endroits ot la couche est plus épaisse. Par conséquent la subsidence y doit avoir été plus forte. 

A. RENIER in reply said: La puissance d’une couche de houille semble avoir été affectée par le tassement sous la charge 
des couches surincombantes. Celle-ci pourrait bien avoir été maximum dans les régions de faciés marin, car la puissance 
de la “‘ stampe ” surincombante y est maximum. D’ow on conclut que l’accroissement de puissance de la couche de 
houille doit avoir été originelle et en relation avec le taux de subsidence. 


fungus spores. 


“DISCUSSION 


___T. M. Harris asked whether samples from thin layers show the ‘Same general trend ot whether t 
‘fluctuations. ; 
__ B. SAHNI considered that some of the spores described “ the author were identical with spores, 
some fungi, from the Tertiary of Assam, and asked whether he had attempted to compare or identify | m 


A. N. THomas considered that the local physiographic conditions as deduced from microfossil studies are aren of 
a different interpretation when applied to regional physiographic history and climate. The change from Lake thro 
‘Fen and Swamp to Playa could have been achieved by simple sedimentation without uplift. The reverse order of c’ 
back to a Lake requires a single gradual subsidence which could possibly be the result of compaction. The climatic 
significance of the local physiographic conditions can be explained as local microclimates directly dependent on the 
local physiography and need not have any wider regional significance. 

L. R. Wiison, in reply to T. M. Harris, said that he had taken samples as thin as 1 cm. in other instances, although — 
not from the area considered in the paper. The general results they gave were in agreement with those just described. . 
He had not compared the spores with those of modern fungi, as suggested by B. B. Sahni, but he hoped someone would. 
He agreed with A. N. Thomas that there might be different interpretations from the one that he had advanced, but other’ 
peeional phenomena harmonised with a history such as he had suggested. 
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MEGASPORES OF THE TURKISH CARBONIFEROUS 
AND THEIR STRATIGRAPHICAL VALUE 


By S. J. DIJKSTRA 
Netherlands 


ABSTRACT 


From the numerous publications of Zerndt it is evident that Carboniferous magaspores have a great stratigraphical 
value. A study of the Turkish Carboniferous megaspores has revealed a very sharp boundary between the Aladja-Agzi 
group (Namurian) and the Kozlu group (Westphalian A). The same result was found in three different sections. Typical 
megaspores of the Namurian are Triletes crassiaculeatus, the megaspore of Lepidodendron acuminatum, T. rotatus, 
T. subpilosus, and T. simplex (respectively type-numbers 26, 19, 27b, 35). Moreover it was possible to subdivide the 
Namurian into three parts. Typical megaspores of the Westphalian A are 7. mamillarius, T. rugosus and Cystosporites 
varius (respectively type-numbers 14, 25, 30). Besides a great number of seams of the Westphalian A, some samples of 
the Karadon group (Westphalian D) were studied. Some of its typical spores are 7. glabratus, T. tuberculatus, and 
T. tricollinus (respectively type-numbers 10, 16, 44). Compared with the Polish Carboniferous the vertical distribution 
of most of the spores is about the same. A remarkable exception is 7. mamillarius, which occurs in Poland from the 
Namurian A up to the Westphalian C but which was found in Turkey only in the Westphalian. 


I. INTRODUCTION 


ROM the numerous publications of Zerndt it is evident that Carboniferous megaspores have a 
great stratigraphical value. Megaspores are suitable for this purpose, as: (1) their vertical 
distribution differs; (2) their horizontal distribution is considerable; (3) in contrast with other 

fossils they are found not only in the slate, but also chiefly in the coal itself; (4) it is possible to 
macerate them from practically every seam, if the coal has not been coalified too much; (5) as they are 
very resistant and small it is possible to get good determinable specimens even out of shattered pieces 
of coal from drilling-samples. 


There are three possibilities of using megaspores for stratigraphy: (1) for the rough determination 
of horizons, (2) for comparing two different coal basins, (3) for detailed zoning, i.e., the study of one 
definite coal seam over a short distance and its comparison with the seams over and under it. The 
first two possibilities were used by Zerndt. Besides the Polish coal basin he studied samples of some 
basins in Germany, France and Bohemia, and compared these with the Polish basin. The rough determina- 
tion of horizons is very suitable for basins of which the stratigraphy is not known very well. Therefore 
in Turkey we started with it. Detailed zoning (compare the method of Raistrick) is more suitable for 
coal seams in a basin which has already been investigated closely. We used it in the study of the 
Carboniferous of S. Limburg (Dijkstra, 1946). 


II. STRATIGRAPHY OF THE TURKISH COAL BASIN 


The Carboniferous crops out in a number of places in the northern part of Anatolia near the shore 
of the Black Sea between Eregli (Heraclea) and Kilimli (east of Zonguldak). More to the east it is 
found from the environs of Amasra to the river Kidros and beyond. 

Ralli (1895-96, 1933) distinguished the following groups: Aladja-Agzi, Kilits*, Cozlou, hiatus, 
Caradons. He compared it with other basins (see Table I). According to Charles (1933) the Kozlu 
group belongs to the Westphalian A and B pro parte; the Kilig group is Westphalian A. Hartung 
(1937) gives another comparison (see Table I). 


* The modern spelling is Kilig. 
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The volatile contents of the Turkish coal are very high: they range from 30-40 per cent, and 
therefore the coal is very suitable for a study of megaspores, We used Schulze’s method, ie, 
10 gm. coal + 10 gm. KCIO, + 30 cc. HNO, (50 per ceat) for from one to five days (average three), 
followed by NaOH (10 per cent) for one day; or Zetzsche’s method, Le, 10 gm. coal + 120 eo af 
fuming HNOg, with the addition of 3-2 ce. bromine for from four to seven hours (see Dijkstra, 146). 


IV, MEGASPORES OF THE TURKISH CARBONIFEROUS 


The following spores have been found in the Turkish Carboniferous. Most of them are described 
by Zerndt, while a review of them can be found in Dijkstra & van Vierssen Trip (1946). 
Type 1(29). Cystosperites giganteus (Zerndt), both fertile and sterile specimens. 
2. Calamariaceae spores, generally a little bigger than those from South Limburg. 
10. Triletes glabratus Zerndt. 
ll. T. auritus Zerndt, only specimens with small ears, 
13. T. hirsutus (Loose). 
13a, T, hirsutus (Loose) var. brevispinosa Zerndt. The most important difference between type 13 
and 13a is that the contact faces of 13a have four to five arched folds, the curvature of 
which is turned towards the nozzle. Zerndt (1937) divides the variety drevispinese into two 
forms—forma I covered with short appendages Gx long, and forma II covered with 
appendages 36-96 long. The difference between T, hirsutus and T. hirswtus var. brevispinosa 
forma II is not very considerable and it is sometimes difficult to distinguish them. 
14. T. mamillarius Bartlett. ‘ 
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Ma. T. horridus ( 

. 216. T. subpilosus (Nbrahise) forma major Dijkstra. 
2. giganteus (Lernct) forma sterilis. 
W. C. varius (Wicher), sterile and fertile specimens. 

31. Monoletes \brabim. 
35. T. simplex Zerndt. 
36. praca (Zerndt) var. levis Zerndt; according to us the sterile or immature spore of — 


T. simplex; they are found together in samples, and are sometimes difficult to distinguish 


from each other. * 
37. T. dentatus Lend. a 
44, T. tricollinus Zend. 
49. Microsporites karczewskii (Lerna). SS) 


51*. T. anatolicus Dijkstra (see Dijkstra, 1952, p. 102] 
52*. T. cregliensis Dijkstra [xe Dijkstra, 1952, p. 102.} 


V. SPORE-CONTENT OF THE ALADIA-AGZI GROUP AND ITS DIFFERENCE FROM 
THAT OF THE KOZLU GROUP 

To get an idea of the spores occurring in the Aladjz-Agzi and the Kozlu groups some samples of 
these groups have been studied first. In the Aladjz-Agzi group types 1 (29), 13a, 17, Wa, 21a, 26, 27b, 
35, 36, 49 were found; in the Kozlu group types 1 (29), 2, 13, 14, 17, 20, 21, 25, 3, 49. Later on 
still more types were found in both groups. In the second place it was important to test the possibility 
of drawing a sharp line with the help of spores between these two groups. Of course it was possible 
that a transition zone would be found between them. Therefore all the coal seams and brats of the 
Aladjz-Agzi group were studied in three different profiles, beginning with the undermost seam of the 
Aladj-Agzi group and ending somewhere in the Koziu group. These profiles are situated in the Asma 

valley, the Kokaksu valley, and the Kilig valley. According to us it is possible to draw in all three 

profiles 2 sharp boundary between the Aladjz-Agzi and the Koziu groups. A more detailed review 
follows, and moreover we shall try to subdivide the Aladjz-Agzi group. For this 2 complete profile is 
necessary: I believe the most complete one is that of Asma, with which we shall therefore start. 
Types 1 (29) and 49 are very unimportant for this purpose, because they are found in nearly every sample 
of the Turkish Carboniferous. 

In the oldest (about 17) scams to the right of the river are found types 1 (29), 20a, 26, 27b, 49; 
21a in two samples; 13a forma I and 19 in one sample. 

* These numbers are introduced by me and are not Zerndt’s. 
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In the next 11 seams to the left of the river the same types occur, but the percentage of. 26 has 
decreased, 13a forma I has increased, and moreover 35 and 51 are found. 

The 13 highest seams do not contain types 13a forma I and 26; 13a forma II and 17 have been 
noticed, and 19 has increased. 

The last four to five seams of this profile contain only types 1 (29), 14, 17, 21, 25, Then follows 
the Faille du Midi; on the other side of this fault seams occur that contain the same types as were 
found in the last four to five seams mentioned. 

The Kokaksu profile shows the same succession. The lowest seams contain mainly types 1 (29), 
20a, 26, 27b, 49. In the next ones type 26 decreases, 13a forma I increases, 35 (36) is present. Then 
follows the Faille du Midi. This fault must have cut off the highest seams of the Aladja-Agzi group. 
In this way we can explain why 13a forma II, 19, and 51 have not been found here. After the fault 
16 seams and brats of the Kozlu group have been studied; they contain types | (29), 25 13, 14, 475 
20, 21, 25, 30, 31, and 49. More to the north the big seam Cay occurs, but this has not been studied. 

In the Kilig valley we found exactly the same subdivisions as noticed at Asma, but the highest 
beds of the Aladja-Agzi group found there are succeeded by.four to five seams which also belong to. 
the lowest part of the Aladja-Agzi group, because they contain type 26 while the types of the highest: 
part of the Aladja-Agzi are lacking. In the direct neighbourhood of these seams at a distance of some 
metres the Biiyiik Kilig Seam, which belongs to the Kili¢ group, has been found, succeeded by a 
series of seams also belonging to the Kili¢ group. The seams of this group contain the spore-types 
1 (29), 2, 13, 14, 17, 20, 21, 25, 30, 49. Our conclusion is that a fault between these four to five seams 
and the Biiyiik Kilig Seam must exist, and this agrees with Zeiller who came to the same conclusion. 
According to Ralli the Biiyiik Kilig Seam belongs to the Kili¢ group; in the neighbourhood he found 
Culm in concordance with the Kili¢ group. Dr. Zijlstra (by letter) confirmed our opinion that a fault 
had been found exactly where we expected it. 

Finally we studied some seams at Armutcuk, where again a sharp boundary between the Aladja-~ 
Agzi and the Kili¢ groups was found. 


VI. THE KOZLU AND THE KILIC GROUPS 


Besides about 25 seams sampled on the surface in the valleys mentioned already, some seams of 
these groups that were sampled in mines were studied. For want of time it was not possible to study 
them all, and therefore some seams of the top, of the middle, and of the base of the Kozlu group at 
Kozlu were taken. They are the Papas, Kesmeli, Istefan, Acenta, Lukiga, Leonidas, Haci-Petro, and 
Kiirtserif seams, and, of the Kili¢ group, the Topus, Omer aga, Civelek, Kiiciik, xl, x2, x3 seams 
(Biiytik Kilig was sampled on the surface). Their spore-contents have already been mentioned. 
Type 2 and especially type 17, which are very rare in the Aladja-Agzi group, are common in the 
Kozlu- Kili¢ group. Type 31 was found in one sample only. One seam of the lowest part of the Kozlu 
group at Asma moreover contained some specimens of type 51. It was not possible to notice any 


difference in spore-contents between the lowest part and the highest part of the Kozlu group, neither 
between the Kozlu and the Kili¢ groups. 


VII. THE KARADON GROUP 


It was not possible to make such a detailed study of the Karadon group as was made of the Aladja- 
Agzi group, because the Karadon group is less well known, and moreover the time was too short to 
do so. 

At Okusne, Kozlu, 9 seams were studied, beginning with the highest seam, which is at the base of 
the Red Series. The types found were 1 (29), 10, 11, 14 (in one sample only), 16, 17, 20. 


At Kilig Mahallesi 8 seams gave the same types, except type 14; in addition 25, 30, 31, 44, 49, 52. . 
At Illiksu 3 seams gave: 1 (29), 10, 14, 16, 17, 20, 25, 30, 31, 37, 49. 


At Kireglik 1 seam gave: 1 (29), 14, 16 (one specimen), 17, 20, 25, 30. 
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IX. DISCUSSION 


A pial spore of the lowest part of the aladja,Agz group is T. crassiaculeatus, type 265 it was | 
oe eaeuts in the lowest wf Randschichten ” of Poland, Namurian A or Dinantian. te a of 


TABLE IL 
Distribution of megaspores in the Turkish Carboniferous in comparison with Poland. 


: F : Turkey Poland F 
. 4 Type Namurian Westphalian Dinantian Namurian Westphalian Type is ao 
ABC Ae Bo Ca Din er: AS Bee IN ARH XSE AB) a 
' 
1 Q9) a oo AP . i 2 Spee Pies aac -1 Q9) 
t Ps, A : I: i at eke mb. 
10 5 10 
ar 1 
3 12 3 12 
t B ee 13 
13a I oe I 
t 13a II . 5 13a I 
¥ 14 : (en = 14 
16 , 5 16 
17 : ni : Ae ate ahs 17 
19 . 3 (?) 19 
20 é m - 20 
20a* 20a* 
Pas é 6 A iH 21 
21a* eH 2la* 
24 Q : 24 
PB) ; : ee i 25 
26 : : 26 
27a 27a 
27b 27b 
30 P : (2) 30 
31 oy ee ; Pies eh 7 31 
35 (36) : (2) () 35 (36) 
37 : pra 37 
44 - : ; ae, 44 
49 Shan YOR, ; (2) Riper CTC CIC) 49 
5% 3 51* 
52* 52” 


eee 
* These numbers are introduced by me and are not Zerndt’s. 
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Bo In the middle part of this group T. simplex, type 35 (36), is found which Fe 
-- Namurian B (?), A(2).. The spore T. anatolicus, type 51, occurs in this part too. It is 


In the upper part of the Aladja-Agzi group T. hirsutus var. brevispinosa forma II is i 
_T. rotatus, type 19, is more frequent; T. crassiaculeatus and T. hirsutus var. brevispinosa Baie do 
not occur. This part is Namurian C. ‘ | 

A typical spore of the whole Namurian is T. subpilosus forma major, type 27b. ! 


In the Kozlu-Kili¢ group T. mamillarius, T. rugosus and Cystosporites varius, types 14, 25 and 30 
respectively, have stratigraphical value. T. rugosus is found in the Polish Carboniferous in the West- 
phalian A and B; Cyst. varius in the Westphalian D, C and B, and probably in A. Triletes mamillarius — 
has probably only local stratigraphical value. In Turkey this type has not been found in the Aladja-Agzi — 
group, but nearly every seam of the Kozlu-Kilig group contains it. In Poland T. mamillarius has been 
found from the Namurian A up to the Westphalian C. This type must be composed of megaspores — 
coming from a number of different plants. As mentioned already the spore-contents of the Kozlu 
group and the Kili¢ group at Kozlu are the same; both belong to the Westphalian A. It was not 
possible to decide by means of spores which group is the oldest. ETAL to Ralli the Kili¢g group is 
the lowest and his table I shows it as belonging partly to the “ Houiller Inférieur,” partly to the 
‘* Houiller Moyen,” but in the text he does not indicate which seams belong to the first group and which 
to the second one. Ralli has distinguished the Kili¢ group from the Kozlu group, because he found 
less plant fossils in it than in the Kozlu group, but it is very difficult to collect good determinable 
plant fossils (except spores) in these vertical seams. Moreover not every seam in the Kili¢ valley — 
belongs to the Kili¢ group. The name Kili¢ group is confusing. Perhaps it is better to cancel this name. 


A typical spore of the Karadon group is 7. tuberculatus, type 16, found in nearly every sample. Its 
occurrence in Poland is in the Westphalian D and upper part of C. Other spores which have great 
stratigraphical value are T. tricollinus, type 44, and T. glabratus, type 10; their occurrences in Poland 
are Westphalian D, C and B. Moreover T. auritus, type 11, is found in Poland in the Westphalian D, 
C and B, and T. dentatus, type 37, occurs in Poland in the Westphalian D and C (upper part). Our 
conclusion is that the youngest of the studied seams of the Karadon group belong to the Westphalian D, 
and the oldest of this series to the Westphalian D or perhaps to the upper part of the Westphalian C. 


In comparison with the Polish Carboniferous some types which occur there in the Dinantian, 
Namurian and Westphalian A (?) were not found in Turkey. In general they are rare types, noticed 
in very few samples. In the Westphalian B, which was studied only partially, and in C, which was 
not studied at all, we may expect T. appendiculatus, type 12, and T. superbus*, type 24. All the spores 
of the Westphalian D which have been found in Poland oceur in Turkey too. In the Westphalian E 
we may expect new types. Later we hope to have the opportunity to complete these hiatuses. 


; 
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DIJKSTRA: CARBONIFEROUS MEGASPORES 
DISCUSSION 


B. SAHNI commented on the large size of one of the megaspores described, and asked about the limits of size of 
Carboniferous megaspores. 


T. F. GrIMSDALE asked if the megaspores are visible in the rocks before the treatment by maceration, or whether 

maceration is essential before the spores become visible. 
_ W. J. JoncMans referred to the difficulties in comparing the stratigraphy of different coal basins because of their 
very different developments. It is possible to use marine bands as datum planes in W. Europe and in some other parts 
of the world. But they cannot be used in those basins where they are absent. This is the case in Turkey where marine 
bands are present only in the lowest part. So we have to use other methods, both floral and faunal. He and Dr. Egemen 
had tried to make floral zones with rather good results. However, the study of the megaspores has been very useful. 
Because of the high percentage of volatile matter, over 20 per cent in all the seams, it is possible to macerate the spores 
from them and to tabulate the distribution of the different types in seams from the lowest Namurian to a high level of 
the Upper Carboniferous. It had been proved that every group has its typical spores, so that their study provides an 
excellent method of comparing the different basins. 

It is peculiar, as Harris had shown in his studies on Rhaetic and Jurassic floras, that the number of types of spores 
is much larger than that of lycopods present in impressions. The same is true in Turkey. This is especially clear in the 
lower parts, where there are only a few lycopods as impressions but numerous spores. It is clear, therefore, that the study 
of megaspores in the Carboniferous and in the Mesozoic can contribute much to our knowledge of the lycopods, 
especially of the arborescent forms. 

S. J. DuxKsTra, in reply, said that the size of the Carboniferous megaspores varies from about 400-3 000. The 
biggest spores belong to the genus Cystosporites and are 3-11 mm. in size. It is possible to find megaspores in the slate, 
but most of them occur in the coal and must be macerated out of it. He agreed with W. J. Jongmans that it is very 
remarkable that the number of types of megaspores found in the Namurian is much larger than the number of lycopod 
species known in this series. The same was found by T. M. Harris in the flora of Scoresby Sound, East Greenland. 


CORRELATION OF THE LOWER BROWN LIMESTONE 
OF NORTH WALES WITH PART OF THE LOWER 
CARBONIFEROUS SUCCESSION IN SCOTLAND 
AND NORTHERN ENGLAND 


By W. S. LACEY 
Great Britain 


ABSTRACT 


The Lower Carboniferous in North Wales consists of limestones and subsidiary rocks totalling over 3,000 feet in 
thickness and falls within the Dibunophyllum Zone of the Bristol sequence. 
In the older lithological classification plant remains occur at two horizons :— 
(1) near the base of the Upper Black Limestone, near Prestatyn, Flintshire (P); 
(2) in the lower beds of the Lower Brown Limestone in Flintshire and Denbighshire, and in Basement Beds of _ 


similar age in Caernarvonshire (D1). . 

The Upper Black Limestone flora has been described by Walton (1926-31) and the beds correlated with the upper 
part of the Scottish Oil Shale Group. 

The results so far obtained from the detailed study of the Lower Brown Limestone flora now in progress do not 
support the suggestion made by Walton (1931) that the Archaeosigillaria horizon appears to indicate a position very 
near the base of the British Lower Carboniferous succession, but suggest the correlation of the Lower Brown Limestone 
with the /owest part of the Scottish Oil Shales and equivalent beds in Northern England. These conclusions receive 
faunal support. 


I. INTRODUCTION 


HE Lower Carboniferous Succession in North Wales consists largely of a series of limestones 
which are underlain by Basement Beds resting unconformably on the Silurian and followed by 
cherts, shales and sandstones. These rocks together reach a maximum thickness of over 3,000 feet 

and their outcrop extends practically continuously for nearly a hundred miles from the South-west of 
Anglesey in the west to Llanymynech in the east. 

Both in Anglesey (Greenly, 1919) and on the mainland (Hind & Stobbs, 1906; Greenly, 1928; 
Neaverson, 1946) these Carboniferous Limestone strata have been classified by their faunal remains, 


TABLE I 
Subdivision of the Carboniferous Limestone in North Wales 
Morton’s subdivisions Current nomenclature Faunal Sub-Zones 
(Smith & George, 1948) 
(4) Upper Black Limestone Black Limestone 

(North Flintshire) 
Sandy Limestone Sandy Limestone Group P, but regarded as an argillaceous 

(S. Flintshire and Denbighshire) phase of D2 by Neaverson (1945, 


1946) 
? Cherts and thin limestones in 
Anglesey, Greenly (1919) 
(3) Upper Grey Limestone Upper Grey Limestone D2 
Purple Sandstone in parts of the 
Vale of Clwyd—Neaverson (1946) 


(2) Middle White Limestone Middle White Limestone D1 
(1) Lower Brown Limestone Lower Grey and Brown Limestone D1 (some S2 species recorded near 
with with the base of the limestone) 
Basement Beds Basement Beds ? $2, but regarded as D1 by 


Neaverson (1945) 
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especially corals and brachiopods, and have been shown to fall wholly, or almost wholly, within the 

Dibunophyllum Zone, the uppermost division of Vaughan’s classification of the Lower Carboniferous 

succession as worked out in the Bristol area (1905). The earlier classification of the Carboniferous 

Limestone by Morton (1870-1901), based largely on lithological differences, is, however, still in 
hess use (Smith & George, 1948, for example), and taken in conjunction with modern terms 
_ provides a convenient scheme of subdivision for use in the present paper. 

Morton divided the limestone into four main groups which are listed together with current nomen- 
“clature and equivalent faunal zones in Table I. 

Well-preserved plant-remains, drifted from nearby land, are known at two horizons, namely, (1) near 

_the base of the Upper Black Limestone at Teilia, Gwaenysgor, near Prestatyn, North Flintshire, and 
(2) in the lower beds of the Lower Brown Limestone at several localities in the Vale of Clwyd and in 
Basement Beds of similar age in Caernarvonshire. 

(1) The fossil flora of the Upper Black Limestone has been described by Kidston (1889), Walton 
(1926, 1928, 1931), and Benson (1935), while the correlation of these beds with the Lower Carboniferous 
of other areas in Britain and on the continent has been effected by Walton (1928, 1931) on the evidence 
of both the floral and the faunal content. 

(2) The plant-remains occurring in the Lower Brown Limestone are not so well-preserved nor as 
numerous in species as those in the Black Limestone, and no detailed study of the flora of the Lower 
Brown Limestone has been attempted hitherto. As long ago as 1925 Jackson pointed out the necessity 
for further work on the fossil animals and plants to determine the correlation of these beds with the 
Lower Carboniferous succession of Scotland. 

A detailed study of the flora of the Lower Brown Limestone in North Wales is now being undertaken 
by the writer and, though this work is not yet complete, the plants collected and identified during the 
last three years, together with the evidence of faunal remains, provide information upon which tentative 
correlations may be based. 


II. THE FOSSIL FLORA OF THE LOWER BROWN LIMESTONE 


Plants have been collected from the Lower Brown Limestone at three localities in the Vale of 
Clwyd, namely, near Dyserth, Denbigh, and Nantclwyd, a few miles south of Ruthin; and from 
Basement Beds of similar age in the Menaian region of Caernarvonshire. 

For the purposes of subsequent correlation and discussion it is important to know as nearly as 
possible the age of this flora. There is no doubt that the plants occur low down in the Lower Brown 
Limestone, and at Dyserth, in particular, the plant-bearing shales lie only a few yards above the red 
Basement Beds. These Basement Beds were formerly assigned by Neaverson (1930) to the top of 
Vaughan’s Seminula Zone (S2) on stratigraphical grounds alone, since no indigenous fossils of 
correlative value have been found. It should also be noted that in the overlying Lower Brown Limestone 
a few faunal remains suggestive of the S2 sub-zone have been found near the base of the limestone in 
certain localities (Wedd & others, 1924, 1927). It may be added that Cope (1940) regards Daviesiella 
llangollensis (Dav.), which occurs at all three localities in the Vale of Clwyd mentioned above, as 
indicating a S2-D1 age, and further suggests that “the bottom beds of the Lower Brown Limestone— 
are probably of S2 age” (p. 212). 

Subsequently, however, Neaverson (1945) stated that it seems certain that the Red Basement 
Beds should be included within the D1 sub-zone and that there is no justification for relegating the 
Brown Limestone to the S2 sub-zone. Whichever view should prove to be correct, the floral assemblage 
of the Lower Brown Limestone can be regarded, for the purposes of correlation, as being of S2-D1 age, 
that is, as indicating the top of the S2 sub-zone and the base of the D1 sub-zone. 

A considerable quantity of material has been collected during the last three years from the localities 
mentioned. Some of it awaits further study, but the list of plants so far obtained is given in Table II, 
together with an indication of the occurrence of these plants in other areas. Information on the 
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distribution outside North Wales has been obtained from enon (1893, 1901), Crookall (1932) ane 4 
Walton, Weir & Leitch (1938). 


TABLE IL 
List of Plants from the Lower Brown Limestone in North Wales with their distribution in Scotland and Northern 
England 
List of Plants Lower Brown Limestone Oil Shale Group Cementstone Group 
(or equivalent beds) (or equivalent beds) 
1. Bythotrephis plumosa Kidst. ch x 


2. Archaeosigillaria vanuxemi 


(Goepp.) Kidst. x x 
3. Lepidodendron sp. x x xX 
4. Lepidodendron volkmannianum 
Sternbg. cf. x 
5. Lepidostrobus fimbriatus Kidst. > 4 x xX 
6. Knorria sp. x 
7. Stigmaria ficoides Sternbg. x xX x 
8. Asterocalamites (Archaeocala- 
mites) scrobiculatus Schloth. xX 2 x xX 
9. Rhodea sp. »4 Species recorded Species recorded 
10. Rhacopteris Weissii Walt. x 
11. Rhacopteris subcuneata Kidst. xX x 
12. Rhacopteris sp. x Species recorded Species recorded 
13. Telangium affine Kidst. cf, (rachis only) xX 
14. Calathiops sp. x Species recorded 
15. Seed-like bodies x Species recorded Species recorded 
16. Lycopodiaceous megaspores xX x xX 
17. Microspores of several kinds x xX xX 


The distribution of some of the plants listed above needs further explanation. 

(1) Bythotrephis plumosa (which was regarded as an alga by Kidston) is recorded from the Oil Shale 
Group of Glencartholm, Eskdale, and from near the base of the Fell Sandstone in Cumberland. 
Kidston (1925) included the Fell Sandstone in the Cementstone Group, but Macgregor & MacGregor 
(1948) place these beds at the base of the Oil Shale Group. 

(2) Archaeosigillaria vanuxemi is not recorded from Scotland but from beds in the North-west 
of England (Westmorland) which are indicated as being approximately the equivalent of the Cement- 
stone Group in Scotland (see Kidston, 1893, p. 224, in conjunction with 1901, p. 38, and Jackson, 1910). 
Garwood (1912) regards this Westmorland horizon as not later than sub-zone C2, while Pringle (1948) 
assigns a Cl-C2 age to the Cementstones of Liddesdale. 

The statement made by Jackson (1925) that “‘Archaeosigillaria (as Lycopodites) vanuxemi is recorded 
by Dr. Kidston from the Cementstone Group of Scotland” is evidently a misinterpretation, for 
Kidston does not make any special reference to its occurrence in Scotland—see also Walton (1931, p. 372) 
in this connection. It is rather surprising that Archaeosigillaria vanuxemi has not so far been found in 
Scotland. The occurrence at Glencartholm of two of its associates in the Lower Brown Limestone at 
Dyserth, namely, Bythotrephis plumosa and Lepidostrobus fimbriatus, is suggestive. 

(3) According to Walton, Weir & Leitch (1938) Lepidostrobus fimbriatus has been recorded more 
frequently from the Cementstone Group of Scotland than from the Oil Shale Group. When, however, 
the records from the North of England (Cumberland and Northumberland) are included the reverse is 
the case, and there are some twelve or fifteen records from the lowest beds of the Oil Shale Group as 
against six or seven from the Cementstone Group. 

(4) Asterocalamites (Archaeocalamites) scrobiculatus is recorded from all divisions of the Lower 
Carboniferous in Scotland and would thus appear at first sight to have little value in correlation. It 
should be noted, however, that more than 60 per cent of the localities from which it is recorded in 
Scotland are in the Oil Shale Group (Walton, 1931, p. 369), and it is also recorded from equivalent 
beds in Northumberland and Durham. 
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fn ier species are more common in the Oil Shale Gioabe 


ain of the plants listed in Table II have little or no value in correlation. This Stigmaria 
and species of Knorria are non-zonal fossils, while no useful comparisons can be made in those _ 
here the species is as yet undetermined. It may be stated, however, that more species of Rhodea 
ve been recorded from the Oil Shale Group than from the Cementstone Group in Scotland, while 
‘Species of Telangium (affine and bifida, now included in Sphenopteris—see Crookall, a area 
acteristic of the Oil Shale Group. 
7) The structure of the seed-like bodies, recently discovered in the Basement Beds in Caernarvon- bis 
shire, is not yet sufficiently well known to make possible a comparison with seeds recorded from the 
Calciferous Sandstone Series elsewhere. 
(8) The same type of difficulty arises with regard to the spore content of the various beds. Though he 
-megaspores and microspores are known from the various divisions of the Calciferous Sandstone 
eries, as also from the Lower Brown Limestone in Wales, too little is known of the microflora to make 
comparisons possible. — 
The detailed study of the spore content, on the lines of that being undertaken by Mrs. E. M. Knox | 
on the Limestone Coals of Scotland, is a possible source of further information which may prove of 
value in correlation. 
} 


Ill. THE FOSSIL FAUNA OF THE LOWER BROWN LIMESTONE 


The lists given in Table III include most of the animal remains occurring in the Lower Brown 
Limestone of North Wales. They have been obtained from Neaverson (1930, 1945) with additions from 
the writer’s collecting. 


TABLE III 


The Fauna of the Lower Brown Limestone 


(1) DysERTH DENBIGH (continued) 
Zaphrentis spp. Overtonia fimbriata (J. de C. Sow.) 
Palaeosmilia murchisoni E. & H. Productus cf. hemisphericus J. Sow. 
Lithostrotion cf. irregulare (Phill.) Productus cf. semireticulatus Mart. 
Lithostrotion sp. (Clisiophylloid form) Productus margaritaceus Phill. 
Lophophyllum cf. ashfellense Garwood Spinous Productid (Pustula group) 
Syringopora cf. gigantea Thomson Spirifer sp. 
Athyris expansa Phill. Daviesiella llangollensis (Dav.) 
Athyris glabistria Phill. Schellwienella crenistria (Phillips) (North of Denbigh) 
Composita cf. ficoidea (Vaughan) Euomphalus cf. pentagulatus Sow. 
Spirifer sp. Endothyra sp. 
Daviesiella llangollensis (Dav.) Fenestella sp. 
Productus cf. hemisphericus J. Sow. Ostracods 
Aviculopecten cf. eskdalensis Hind Crinoid detritus 
Straparollus dionysii (Mont.) 
Conularia tenuis var. maculosa Slater (3) NANTCLWYD 
Spirorbis sp. (impressions) Daviesiella llangollensis (Dav.) 
Ostracod remains Productus sp. 
Euomphalus sp. 
| (2) DENBIGH Bellerophon sp. 
Lithostrotion cf. martini E. & H. : ? Spirorbis 
Lithostrotion irregulare (Phill.) Cytherella sp. 


Syringopora geniculata Phill. 
21 


- ' > ve ys 7 
Iv. CORRELATION OF THE LOWER BROWN LIMESTONE WITH PART. OF THE | OW 
SUCCESSION IN SCOTLAND AND. NORTHERN ENGLAND | 


witha oie of f the Gaeieroe Sandstone Series of Scotland aid Fie beden in the North of Eng 
The question as to which part presents more difficulty. r : 
e Walton (1928, 1931) has already correlated the Upper Black Limestone at Teilia, some 2, 000 Ge 
me above the Lower Brown Limestone, with the upper part of the Oil Shale Group at about the horizon 
of the Blackbyre Limestone in Central Scotland. This conclusion receives faunal support, in particular _ 
from the occurrence of Posidonia (Posidonomya) becheri in the beds correlated. 

The correlation of lower limestones in the North Wales sequence is on less firm ground. The if 
Middle White Limestone is shown by Walton (1931, Table II, p. 373) as equivalent to the Cementstone 
Group in the Calciferous Sandstone Series of Central Scotland, although no direct evidence is put 
forward in the text in support of this correlation. It would appear to have been based largely on the ~ 
occurrence of Archaeosigillaria vanuxemi at all the plant-yielding localities in the Lower Brown Lime-_ 
stone of the Vale of Clwyd. Outside Britain this species has been recorded from the base of the Visean 
in France, the Lower Carboniferous of Spitzbergen, the Upper Devonian of New York State, and the - 
Upper Devonian of Belgium (references for these records will be found in Walton, 1931). These facts 
led Walton to state in 1931 (p. 374) that “‘ the Archaeosigillaria horizon would appear to indicate a 
position very near the base of the Lower Carboniferous in Britain.” 


This view and the consequent correlation of the Middle White Limestone with the Cementstone 
Group of Scotland can no longer be held, since subsequently Neaverson (1945) has assigned a D1 age 
to the Lower Brown and Middle White Limestones, while Macgregor (1930), Macgregor & MacGregor 
(1948), and Pringle (1948) have assigned a Cl—C2 age to the Cementstone Group. The occurrence of 
Archaeosigillaria vanuxemi in the D1 sub-zone of the Visean, which is itself the upper part of the 
complete Lower Carboniferous Succession (Avonian) in Britain, and even the Westmorland records 
which are referred to beds not later than sub-zone C2, can hardly be regarded as indicating “‘ the base 
of the Lower Carboniferous in Britain.” Neaverson (1945) does not even agree that the occurrence of 

 Archaeosigillaria vanuxemi necessarily indicates the base of the Lower Carboniferous in Wales! 


The evidence presented by the fossil plants so far collected from the Lower Brown Limestone is 
not unequivocal, but it strongly suggests to the writer that, despite Walton’s suggested correlation of 
the Middle White Limestone with the Cementstone Group of Scotland and the stress laid on the 
occurrence of Archaeosigillaria vanuxemi in the Lower Brown Limestone of North Wales, these latter 
beds should be correlated with Jowest part of the Oil Shale Group in Scotland and with equivalent beds 
in the North of England. This general correlation can be narrowed down with some degree of 
probability :— 

(1) Central Scotland (Midlothian). Below the Burdiehouse Limestone and above the Granton and 
Craigleith Sandstones, very probably about the horizon of the Wardie Shales. 

(2) South of Scotland (Eskdale and Liddesdale). At about the junction of the Lawston Linn and | 
Muirburn Coals with the Glencartholm Volcanic Group, or perhaps with the Glencartholm Volcanic _ 
Group. ; 


(3) North of England (Northumberland). At about the base of the Scremerston Coal Group and 
above the Fell Sandstones. 


This suggested correlation receives a certain amount of faunal support. 
From the faunal lists given in Table III the following species may be particularly noted :— 


(1) Athyris glabistria has been recorded from the top of the Cementstone Group in South Scotland 
(Eskdale and Liddesdale) to which a C2 age has been assigned (Pringle, 1948). 


(2) Conularia tenuis var. maculosa Slater has only been recorded elsewhere from the Calciferous 
Sandstone Series of Glencartholm, Eskdale, and Woodhall Mill, Water of Leith, Edinburgh, at an 
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orizon “‘ probably near the base of the Wardie Shales and above the sandstones of Craigleith and 
Sranton ” (Jackson, 1925), 


. (3) Aviculopecten cf. eskdalensis, found at Dyserth, resembles A. eskdalensis, another Glencartholm 
‘Species from an horizon low down in the Oil Shale Group. 


AG) Lithostrotion spp. (including clisiophylloid forms). It is interesting to note that species of 
lisiophyllum and Lithostrotion have been recorded from the Lawston Linn Coal Group of South 


Scotland (Pringle, 1948), and that clisiophylloid forms of Lithostrotion are known from Northumber- 


land (Neaverson, 1930). 
_ (5) Daviesiella Ilangollensis, regarded by Cope (1940) as confined to beds of S2-D1 age, has been 
recorded from Kirkby Stephen, Westmorland, but so far this is the most northerly record available. 


§ (6) Overtonia fimbriata and (7) Schellwienella crenistria have been recorded from the Lower 
Limestone Group (D2) which overlies the Oil Shale Group in Scotland (Macgregor, 1930). 


V. SUMMARY AND CONCLUSION 


(1) The lycopodiaceous plant Archaeosigillaria vanuxemi (Goeppert) Kidston has a wide vertical 
tange from the Upper Devonian to the Upper Visean and is thus of little or no value in correlation. 

(2) On the basis of the fossil flora the Lower Brown Limestone of North Wales is correlated with 
the lowest part of the Oil Shale Group in Scotland and with equivalent beds in the North of England. 

(3) This correlation receives a certain amount of faunal corroboration. 

(4) From the correlation suggested above, a S2-D1 age is indicated for the lowest part of the Oil 
Shale Group in Scotland and equivalent beds in Northern England. This confirms the suggestion 
made by Macgregor (1930, p. 476) that the lower part of the Oil Shale Group in Scotland and the 
Scremerston Coal Group in Northumberland are “ probably equivalent to the greater part, if not all, 
of the Seminula Zone (S) and the lower portion of the Lower Dibunophyllum Zone (D1).” Since a 
C1-C2 age has already been assigned to the Cementstone Group (Macgregor, 1930; Eastwood, 1946; 
Pringle, 1948), a C2 age to the Fell Sandstone Group (Macgregor, 1930; Eastwood, 1946; Pringle, 
1948), and D2 and D3 ages to the upper part of the Oil Shale Group and succeeding Carboniferous 
Limestone Series, the zoning of the Scottish and Northern English Lower Carboniferous in terms of 
the Bristol sequence is now almost complete. It is possible that the S1 sub-zone is represented at the 
top of the Fell Sandstone. 
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DISCUSSION 


T. N. GEORGE maintained that the age of the lowest Avonian strata of North Wales is not precisely determinable by 
their fossils because the sub-D, succession in the type Avon section is of different facies. Daviesiella, represented in the © 
South-Western Province typically by Daviesiella comoides which ranges up to the top of Ds, is not a satisfactory basis for 
dating D,; and the athyrids referred by Neaverson to Composita are certainly not conspecific with Vaughan’s ficoidea, 
and may not even belong to the genus. Archaeosigillaria vanuxemi, a repository for a variety of homoeomorphs, is a 
“species ” too long-ranging to be of use in zonal identification: reputedly it extends beyond the limits of the Avonian 
series, and certainly has been recorded from the Lower Avonian. 

The Basement Beds of North Wales are in all probability diachronic, in the manner typical of rudaceous sediments 
displaying gross overstep. Their age is unknown, and their apparent association with the overlying D, Lower Brown 
Limestone may be deceptive, especially where there is an abrupt junction. In places they contain fine-ribbed chonetids 
and a small rhynchonelloid superficially like Camarotoechia mitcheldeanensis which suggest a Lower Avonian age. 


The extension at second remove of Avonian correlation to Scotland, where no zones below D, have yet been 
recognized with certainty, is precarious. Occasional shell-beds in the upper part of the Oil Shales of Fife have yielded 
goniatites referred to Beyrichoceratoides cf. truncatum, which may justify their being placed in the P, Zone, deviously 
correlated via the Midland Province with the D,-D, Zone. But no usable fossils occur at lower horizons until the 
Randerstone shell-beds of the Fife Cementstones are met: these contain small rhynchonelloids said to be identical with 
Camarotoechia proava, and on that tenuous thread may be hung correlation with the proava-beds of Cumberland and 
Westmorland, which in their turn have been allocated, on not very strong evidence, to the C, Zone. If there are no gaps 
in the Scottish succession, it may therefore be the case that the Oil Shales span several zones, and in large part may not 
be represented by equivalent sediments in North Wales. 


B. SAHNI asked whether the age as given by the plants agreed with that deduced from the animals. 
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DISCUSSION ail 


G. G. DELEPINE fait observer que les recherches faits depuis trente ans dans le domaine de la Mésogée de Youest 
ont montré qu’au Dévonien et au Carbonifére nombre de genres, et méme d’espéces, sont identiques 4 ceux qui ont été 


découverts dans le S.E. de la Chine, en Indo-Chine ou en Australie. Comme exemple, il cite Daraelites praecursor a la 
limite supérieure du Viséen, les genres Sporadoceras au Dévonien supérieur, Aganides et Munsteroceras au Tournaisien. ; 
Il cite aussi l’exemple de Fusulinella bocki, trouvé dans le calcaire moscovien inférieur des Asturies et dans le S.E. de l’Asie. 
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ECOLOGY AND CORRELATION OF THE PENTLANDIAN—A 


_ NEW DIVISION OF THE SILURIAN SYSTEM IN SCOTLAND 


By A. LAMONT 


Great Britain 


ABSTRACT 


The discovery of Monoclimacis crenulata (Térnquist) and Spirograptus aff. falx (Suess) in the Eurypterid and Starfish 
flags of the Pentland Hills suggests that, in the Pentlandian, coastal faunas extend upwards from the base of the 
Monoclimacis crenulata Zone of the Gala-Tarannon. The earliest beds seem locally to have accumulated slowly with 
algal limestone containing also Metaharpes amiboueana with circular cephalon and very large pits on the fringe, 
£ophacops scotica with spinose cheek surfaces, and, in shales, abundant Acidaspis lothiana, protected in clear water by 
its spines. In later Pentlandian beds the Plectodonta aff. canastonensis mudstones show possible increase in rate of 
sedimentation from the Deerhope, where it was slow so that abundant biconvex brachiopods and a few attached 
lamellibranchs flourished, to the North Esk, where freely moving lamellibranchs with strong anterior development are 
commonest. Parmorthis occasionally persists in the latter beds along with Pisocrinus aff. campana, but Mendacella is 
restricted to the Deerhope. Species of Lichas appear to show features of protective mimicry. The fish beds, which follow 
a coarse conglomerate, may be Wenlock, or they may mark the close of Gala sedimentation in the Pentlands. Ateleaspis 


_ from the Pentlands and Lesmahagow is definitely more primitive than Aceraspis and Micraspis from Rudstangen, 


Norway, where the stratigraphy requires revision. Beds 8a to 8d in Norway are almost certainly Gala-Tarannon. Other 
correlatives are the ea, beds of Czechoslovakia. In Podolia, the Ustievsky horizon and the Mushinsky stage may be 
Gala rather than Upper Llandovery. In the Central Himalayas, the Muth quartzite appears to approach to Pentlandian; 
and the Namshin sandstones in Burma reach about the same level. In general conditions appear to have been more 
severe in the Gala-Tarannon and Ludlow than in the Wenlock. 


OASTAL faunas of the Gala-Tarannon are poorly known from the Wrexham district. At 
C Tarannon itself E. M. R. Wood recorded only graptolites. But in the Gutterford Burn, in the 
Pentland Hills, it has now been verified from the occurrence of Monoclimacis crenulata and 
Spirograptus aff. falx (Suess), that the associated eurypterid, trilobite, starfish, and brachiopod 
assemblage belongs to the Upper Gala, and not to the Wenlock as was thought by earlier workers. 
The succeeding, richly fossiliferous, Plectodonta aff. canastonensis mudstones of the Deerhope and 
North Esk also appear to be pre-Wenlock, and this may even apply to the beds at the Henshaw Burn 
which yield abundant Nuculites cf. cawdori and Grammysia cf. mcadamensis, along with an Encrinurus, 
not unlike E. calgach of the Plectodonta mudstones, and Mimulus (?) cf. incertus, a known Lower Gala 
form from Penkill at Girvan. The fragments of primitive fishes—Birkenia, Lasanius, and Ateleaspis— 
from Red Beds at the top of the Pentlands succession, though separated from the older beds by a 
striking Red Soda-Granite conglomerate, may not be very much younger than the rest of the Silurian 
sequence. A Wenlock date has been tentatively assigned to them (Lamont, 1947). This is in keeping 
with Stetson’s contention that if the elasmobranchs and ostracoderms are related then the common 
ancestry must date back “* long before the Ludlow.” 

Emergence of land and possible tidal flats characterize the lower part of the Pentlandian in the 
Green Cleuch area, where deposition was in shallow water. Washed out worm-tubes of Monocraterion 
cf. clintonense and occasional shells of Lingula monina are taken as indicating that the silts were laid 
down slowly. Lingula aff. lewisi and L. aff. symondsi are also fairly common in the Gutterford section, 
but are much less common in the more quickly accumulating parts of the Plectodonta mudstones. 
The Green Cleuch area also yields Buthotrephis and Stylonurus. Nearby, at Bavelaw, Acidaspis lothiana 
is the predominant trilobite. Probably it was very visible in shallow water, but its spines deterred 
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armature. But in the most slowly deposited of the Plectodonta mudstones, at the Deechope, 
seven short spines rise vertically from the upper surface of the free cheek of Acidaspis dea 


with almost circular cephalon has been found. The circular outline may have given powers of quicker 
‘‘turn-round ” than in the case of the sub-oblong Harpes domina (Lamont) from the North Esk muds. 
The latter has a minutely punctate fringe which probably helped to disguise the animal against its 
customary background of silt and mud, as well as serving a sensory function. H. domina shows — 
wound-scars or lesions on the fringe. It may have been in special danger at the period of ecdysis. 
There is a characteristic, branching system of sutures over the alae, possibly to secure the ready freeing — 
of these organs during emergence of the soft parts. This has been made a ground for founding the — 
genus, Scotoharpes. 

Lichidae have never been found entire in the Pentlands. Muscular connection between different — 
parts of the exoskeleton may not have been strong. Both in the small, convex species Lichas (Euarges) 
hendersoni, from the Deerhope, and in the pygidium of a new subgenus from the North Esk, there are 
features suggesting protective mimicry. In lateral view the anterior bicomposite lobes of the glabella of 
L. hendersoni look like large eyes of a creature much bigger than the actual possessor, and doubtless 
so appeared to possible predators including Kionoceras, Polygrammoceras, Spyroceras and similar — 
cephalopods which, on the analogy of modern forms, may have had well developed eyes and con- 
siderable powers of mental association. The new subgenus was a flattened form of Lichid, in which the 
pygidium had three pairs of projecting, longitudinally striated spines. Inside these, on the margins of 
the rachis, there were a pair of “ eye-marks.”” This display may have been enough to divert an RE 
approaching from behind. 

Other trilobites fairly common in the shallower, more richly brachiopod-bearing part of the 
Plectodonta mudstones, are species of Calymene and Cyphoproetus. They are found at the Deerhope, 
and penetrate into Wetherlaw Linn. They are always dismembered, although in the Lower Gala muds 
of Hadyard Hill, near Girvan, a related Calymene, but without upturning of the anterior brim, can be 
found entire, usually with its pygidium sharply turned downwards. At the Deerhope little, prickly 
specimens of Youngia, and Proetus peeblesi with a long, narrow, conical glabella are occasional in 
their appearance. Cromus, with glabellar lobes each bearing several tubercles, is present as fragments 
assigned to two species. On the other hand, Encrinurus and Eophacops are frequent and often complete. 
They were stream-lined and strong swimmers and persist in all phases of deposition of the Plectodonta 
mudstones. Two species of Encrinurus may be distinguished. One with elongate, narrow glabella, no 
basal lobes, and a single posterior row of tubercles on the fixed cheek, has been called E. pluc. : 
Its companion has a wide glabella and two rows of tubercles laterally, and a variety of it persists 
into the later silts at Henshaw Burn. Some specimens of Eophacops at the Deerhope are quite 
corpulent. 

In assessing rates of sedimentation importance has been attached to the lamellibranch faunas. 
Nuculites cf. cawdori, Grammysia cf. mcadamensis, Prolucina lucina, and other active nestlers and 
hoppers, have, in the absence of attached forms and vertical burrowers, been considered to indicate 
steady sedimentation. This applies to the Henshaw silts and the North Esk part of the Plectodonta 
mudstones. It was at the Deerhope where sedimentation was slower that John Henderson and earlier 
collectors obtained such attached forms as Ambonychia hendersoni and forms of Pterinea which lay on 
one valve. Orthonota salteri, with low umbones and parallel dorsal and ventral margins, also mainly 
from the Deerhope, was adapted to quick burrowing, possibly where there was greater danger from 
seasonal erosion than from complete burial by rapid sedimentation, The robust width and acuminate 
posterior of shells like Orthonota amygdalina var. and Grammysia cf. undata suggest general stability 
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and power to escape following sudden burial. The close approximation of inhalent and excretal 
openings would be no disadvantage in other than very still water. Goniophora cf. antiqua, with oblique 
_ fold from umbo to posterior lower margin, and Grammysia aff. cingulata, with oblique sulcus, both 
occur in the Pentlands, though their exact station is not known. Fold and sulcus may have fulfilled a 
i double function in allowing water to drain towards the inhalent opening when the shells were submerged 
in silt and in acting as elevators for a too deeply buried animal still capable of moving forward by means - 
of its foot. Modiolopsis attached by a byssus has not been found in the Pentlandian, but M. mimus is 
very abundant at Muirkirk and Lesmahagow, where it assumes a diversity of shapes. From a collection 
lent me by Mr. Ronald Tripp, it may be suggested that the larger forms are those with great develop- 
_ment of the posterior part of the shell, i.e., extension of the margin where food and oxygenated water 
_ were drawn in. Special advantage would accrue to forms which carried the inhalent margin high above 
_ the sea-floor and surrounding competitors. 
__ Earlier conclusions of the author on the relations of brachiopod morphology to environment are 
mostly substantiated in the Pentlandian. But some further points may be made. The most interesting 
is that in Plectodonta at the Deerhope the typical denticulations of the hinge on either side of the 
umbo are well developed, but in the deeper, quieter waters of the North Esk locality these have 
disappeared, so that one might there attribute Plectodonta aff. canastonensis to the genus Sowerbyella. 
In one layer Bilobites parallelus is common with ostracods. Distance between inhalent and exhalent 
openings may have provided it with a special advantage where locally there was reduced movement of 
water. The quiet conditions of deposition of the Plectodonta mudstones at the North Esk are indicated 
_ by the occurrence of entire, small examples of Pisocrinus cf. campana. Another key to varying conditions 
in the Plectodonta mudstones is that at the Deerhope one finds the only occurrence of Leptaena with 
sharply interrupted rugae, similar to those in L. wisgoriensis from shallow, well illuminated, Upper 
Llandovery beds. The Atrypa aff. reticularis of the Plectodonta muds is biconvex with large body-space 
and, like the even more rotund Rhipidomella pentlandica, it does not normally reach the North Esk 
outcrop, though abundant at the Deerhope and in Wetherlaw Linn. The biconvex Mendacella 
deerhopensis is likewise restricted, but less so a small plano-convex Parmorthis. A variety of the last 
mentioned is also found in the Limestone band in the Gutterford Burn, where it has a deeper, more 
oblong delthyrial cavity, but elsewhere in the Gutterford section the Dalmanellacea are represented 
by rare Levenea aff. canaliculata, in which the interior of the adult brachial valve shows peculiar 
crescentic, outwardly convex ridges in front of the crura, suggesting relationship with Idiorthis. The 
shell is narrowly lenticular, hence adapted to muddy environment, but it also seems to occur in Gala 
limestone blocks from the local Lower Old Red Sandstone. 

Before leaving the discussion of ecology of the Pentlandian faunas, one may point out that in the 
Gutterford Burn many. Dendroidea as well as other graptolites are found in the same dirty sandstones 
and flags as are the well known Eurypterids. Species present belong to Coremagraptus and Dictyonema, 
and associates include occasional Aulopora sp. and Lingula aff. lewisi. 

The appearance of Dictyocaris ramsayi, D. salteri, and D. slimoni in the Gutterford beds along with 
Monoclimacis crenulata and Spirograptus aff. falx casts great doubt on the use of Dictyocaris for zonal 
purposes in areas like that of the Stonehaven Silurian and at Lesmahagow, where D. slimoni is the 
typical form. D. slimoni also reaches as high as the Trimpley beds in the West Midlands of England, 
where it appears to be Downtonian, and there is a variety, D. slimoni var. tuberculata, in the Rudstangen, 
Ringerike, district of Norway, where it occurs along with Aceraspis and Micraspis, fishes further 
evolved than those of the Pentlands and Lesmahagow, but certainly earlier than Downtonian. Kjaer 
and Campbell both associated the Rudstangen fauna with that of Cowie, near Stonehaven, and 
regarded each as Downtonian, but this largely arose from the mistaken identification of “ Ludlow ” 
and ‘‘ Wenlock ” species of invertebrates in the subjacent beds. At Ringerike a large part if not all of 
Beds 8a to 8d is almost sure to be Gala-Tarannon, while, though Chonetes striatellus has been 
recorded at two levels in Beds 9a to 9f, it may be doubtful whether this is the true, large C. striatellus 
of the English Ludlow. In the Pentlands records of “ C. striatella” refer mostly to C. cf. novascoticus 
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and to a new species with spines fewer, longer, and more at me mueire to the ‘hinge-ine 
true C. striatellus. 
Much importance attaches to Heintz’s stratigraphical eater (1939) of the principal fish h 
faunas of Northern Europe according to their evolutional relations :— ~ ; 
(6) West of England fauna with Hemicyclaspis murchisoni (ieerion) "= bees Downtonian. fi p 
(5) Jeloy fauna of Norway with H. kjaeri (Heintz). 
(4) Rudstangen fauna of Norway with Micraspis gracilis Kjaer and Aceraspis robusta Kjaer. 
(3) Pentland Hills and Lesmahagow fauna of Scotland with Ateleaspis tessellata Traquair. 
(2) Skane fauna of Sweden. 
(1) K, fauna of Oesel, Estonia. 
Lungershausen & Nikiforova (1942) do not exclude a Wenlock age for the K, fishes of Oesel, and. 
correlate the dolomite with Eurypterus fischeri, under the fish beds, with the Wenlock Shale. As they _ 
do not appreciate the stratigraphical value of the Gala-Tarannon, they have crowded the whole of the 
Lower Oesel Group (I) and the top of Group H with Pentamerus esthonus and Bumastus barriensis 


into the Upper Llandovery. The Lower and Upper Oesel Groups (I and K) are regarded by Northrop. . 


(1939) as Middle Silurian, and compared by him with the West Point and Indian formations in Gaspé.. 
All this points to the likelihood that the K, fishes of Oesel are not later than Wenlock. Further work 
is required to solve conclusively the problem of the relative dating of the earlier items in Heintz’s list,. 
but for the present the writer draws attention to the fact that Aceraspis and Micraspis at Rudstangen 
have the pectoral fins much more elongated than in the very primitive Scottish Ateleaspis which stands. — 
right at the beginning of Cephalaspid lineages. 

It seems arguable that the volcanic conglomerate containing rhyolite and hornblende-andesite- 
below the beds with Traquairaspis campbelli and Dictyocaris slimoni, at Cowie, near Stonehaven, may” 
be Gala or Wenlock. Whether at the top of this sequence the red and green tuffs and brown tuffaceous. 
sandstones represent a vulcanism of different—say Ludlow—date is doubtful. The thickness of the 
Silurian from the mouth of the Cowie Water to Ruthery Head reaches 1,960 feet, but it might be a 
mistake to try to divide it among different English formations. The earliest volcanic ashes are in the- 
Purple Sandstones, over 1,100 feet below the Dictyocaris slimoni beds, and this suggests to the writer 
that possibly we are dealing with much the same vulcanism as that manifested in the late Valentian 
at Tortworth, and that this vulcanism ensued upon earth-movements involving pressures between. 
west-north-west and east-south-east, of which the effects have been described by O. T. Jones in the- 
Llandovery district of South Wales. A search is being made for possible Gala ashes further south in: 
Scotland, and it is hoped that an area at Abington may yield Gala-Tarannon graptolites. What 
relationship there may be with the Chaleur Bay vulcanicity, apparently in the Ludlow, described by’ 
Northrop, remains to be seen. If we think of the Gala and Ludlow as periods of uplift, with acid 
volcanoes exploding in fine ash which might reach the upper atmosphere and avert some of the heat 
rays of the sun, we may explain the more severe conditions of these epochs as compared with the 
intervening Wenlock with its large crinoids and large graptolites. If we judge from mere size of” 
graptolites, the main orogenies of the Ordovician and Silurian in North-West Europe fell in the Llanvirn 
(Bifidus time), in the Ardwell Flags epoch of the Caradocian, possibly in late Ashgillian (pre-Hirnantian), 
in parts of the Llandovery and Gala, and towards the end of the Wenlock when small Cyrtograptus: 
lundgreni replaces the large, many-stiped Cyrtograpti of the earlier Wenlock. This fits in well with. 
Vogt’s views (1936, 1945) on the orogenies of Northern Norway vis-d-vis those of Scotland. 

In Czechoslovakia the Pentlandian is equivalent to the lower part of the ea, beds, and the: 
importance of the Gala-Tarannon in the Eastern Alps is seen from the work of Dr. Hemmann. In. 
Podolia the Ustievsky horizon and the Mushinsky stage may be Gala rather than Upper Llandovery.. 

The Silurian succession at Spiti, in the Central Himalayas, ends with the Muth quartzite at a level 
perhaps near that of the Pentlandian. Fossils from Cowper Reed’s Horizons 7 and 8 ancestral to or- 
related to Pentlandian species include :— 

Levenea (?) muthensis (Reed), like, but simpler than, L. (? aff. Idiorthis) gutterfordensis ; 
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“ Leptaena rhomboidalis,” very like a Deerhope form; 

Palaeoneilo cf. victoriae Chapman, quite near a rare Deerhope lamellibranch; 

| Encrinurus aff. punctatus Briinnich, like a variety of E. calgach from Deerhope, Henshaw Burn, etc. 
; In the North Shan States of Burma, the Namshin Sandstones appear to correlate with the Pentlandian. 
_ They have in the past been classified with the Wenlock, but only a form like Dalmanites longicaudatus 
; var. orientalis at Panhsa-pyé has a really Wenlock Shales appearance. Namshin species comparable 
i 


with Gala-Tarannon species include :— 
Orthoceras cf. tenuiannulatum McCoy; 
“ Schuchertella” planissima, resembling an undescribed species from the Limestone band in 
Gutterford Burn; 
Levenea aff. canaliculata, like specimens from remanié Gala in Lower Old Red Sandstone at Loganlee; 
Nucleospira pisum ; 
Encrinurus konghsaensis, like E. calgach, but distinguished by well developed basal glabellar lobes, 
so that FE. konghsaensis may be the more primitive of the two. 
Pentlandian Encrinurus calgach seems to be related to E. mitchelli from the Lower Trilobite Bed 
' (Yass and Hume Series) of Bowning, New South Wales. In the same deposit E. bowningensis 
compares with another Pentland species, E. pluc, previously compared with E. onniensis from the 
Upper Llandovery of Shropshire. Harpes trinucleoides from Australia is also related to H. domina 
from the Pentlands, but its authors, Etheridge Jnr. & Mitchell, do not refer to a branching suture on 
the ala. The latter biocharacter in the Scottish species has been taken as of generic value, and may 
_ indicate that in Scotoharpes the alae, at least in ecdysis, had some important, possibly sensory, function. 
Even high Pentlandian beds, like those at the Henshaw Burn, do not seem later in North American 
terms than a formation like the McAdam in the Middle Silurian of Arisaig, Nova Scotia. Correlation 
here depends on forms like Calymene cf. antigonishensis, Kionoceras angulatum, Nuculites cf. cawdori 
and Grammysia cf. mcadamensis, but appears trustworthy enough. One may assume that forms 
comparable with those in the Benson Knott, etc., beds of the Lake District need not be as late as “Upper 
Ludlow,” but much further work is required. In the Black Cape district of Gaspé, the Pentlandian 
may compare with formations like the Anse Cascon and La Vielle, if with nothing higher. In New 
York State the Pentlandian seems to fall within the diachronous Shawangunk Grit. 
One thing which becomes quite clear from this discussion is that non-marine conditions supervened 
at various times in different areas of the Silurian, and that orogenic conditions, erosion phenomena, 
and red beds are as likely in the Gala as in the Ludlow. 
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ZONAL CORRELATIONS BY MEANS OF CONODONTS 


By E. B. BRANSON and M. G. MEHL 
U.S.A. 


ABSTRACT 


In the United States, conodonts have been found from Lower Ordovician to Upper Permian formations. The Lower 
Ordovician conodonts are the oldest fish remains that have been described. Various groups of formations of each period 
can be distinguished by conodonts and certain genera are distinctive of each group. For example, the genus Icriodus 
has been found in every Devonian formation in North America that has yielded conodonts and has not been found in 
other periods. It is also known from central Germany, the only place from which Devonian conodonts have been 
reported in Europe. Lower Ordovician conodont genera from Esthonia, which were first described by Pander, are present 
in Lower Ordovician formations in North America, but not more than five of them have been found in any of the localities 
in Europe excepting Pander’s original localities. The number of genera decreased greatly from the Mississippian to the 
Pennsylvanian and from about twenty genera in the Pennsylvanian to about five in the Permian. 


DISCUSSION 


Cur. POULSEN asked if all of the many different types of conodonts had been studied with regard to their systematic 
position, or if there was still the possibility that at least some of them were jaws of annelids or parts of the radulae of 
gastropods. 

B. F. Howe .t said that although the authors had stated that their Lower Ordovician conodonts were probably the 
oldest traces of fishes yet discovered, nevertheless two impressions of what appear to have been fish plates similar to the 
plates found in the Ordovician Harding Sandstone of Colorado had, however, been found in the Middle Cambrian St. 
Albans Shale of Vermont. These had been described by W. L. Bryant as the impressions of the plates of a chordate, 
which he named Eoichthys howelli. The speaker hoped that anyone who was interested in these Vermont fossils and who 
had an opportunity to visit him at Princeton, New Jersey, where they were kept in the palaeontological collection of 
Princeton University, would examine them and express an opinion as to their relationships. 

C. J. STUBBLEFIELD recalled that some sixteen years ago E. B. Branson had interested him in conodonts and that in the 
intervening years the publications of Branson and his colleagues had enabled the speaker to identify generically conodonts 
newly discovered in Upper Carboniferous strata in eight of the British coalfields. He enquired whether the authors had 
found conodonts in any positively non-marine strata, and also whether, as the title of the paper implied, conodonts had 
been used in zonal rather than stage correlations. He expressed the hope that the authors or some of their American 
colleagues would publish soon in a single volume a series of illustrations of the conodonts characterising the Ordovician 
and succeeding formations. 

E. B. BRANSON, in reply, said that the composition of conodonts (calcium phosphate) seemed to preclude their being 
from annelids, which have hard parts composed of chitin. Many conodonts are attached to fragments of primitive 
bone. Gastropods have radtlae composed of silica and conodonts cannot be such radulae. Some faunas contain many 
conodonts but no gastropod shells. Some faunas made up of many gastropod shells contain no conodonts. These three 
facts seemed to preclude the possibility of the conodonts being derived from gastropods. In answer to C. J. Stubblefield, 
Branson observed that the paper was a discussion actually of the correlation of formations and not of zones. However, 
he and his colleague had been able to correlate zones over rather large areas. They had found no conodonts in non- 
marine sediments. 
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TOURNAISIAN FACIES IN BRITAIN 
By T. NEVILLE GEORGE 


Great Britain 


ABSTRACT 


The archipelagic environment of British Tournaisian sedimentation is reflected in rapid lateral changes in lithological — 
and faunal facies. 


The Clevedonian division of the type Avonian has a readily identifiable base where the underlying rocks belong to 
the Old Red Sandstone (though its artificiality is demonstrated by the occurrence of marine intercalations with Spirifer 
verneuili in the uppermost red sandstones). But in Devon and Pembrokeshire the well-represented Strunian is only 
arbitrarily distinguished from the marine Famennian beneath; and the Devono-Carboniferous junction is of Ardennes 
facies. ; z 


In northern Britain the restricted fauna of the Lower Tournaisian makes correlation with the type Avonian very 
difficult; and it is not improbable that rocks of Old Red Sandstone facies are of Carboniferous age in Scotland. 


The Zaphrentis and Lower Caninia zones of the type-Avonian cuvette show marginal facies on the flanks of con- 
temporary up-warps. These may be crudely different, as between sandstones and limestones; but mostly there are 
subtler variations within the calcareous facies. A strong development of oolites and algal, calcitic and dolomitic mud- 
stones, mostly without brachiopods and corals, indicates lagoonal conditions flanking St. George’s Land. In northern 
England and Scotland the cementstone facies is dominant, while such intercalated ‘‘ normal ” beds as occur contain 
species mostly not found in the south, and correlation with the type Avonian is precarious. 


I. THE TOURNAISIAN BASE 


HE varying criteria adopted to define the Tournaisian base reflect the differences in the nature of 
T the Devonian-Carboniferous junction in different parts of Europe. The early practice in Belgium 
and France of placing the Assise d’Etroeungt in the Famennian was a comment on. the 
lithological continuity of the Strunian terrigenous beds with those of the underlying Assise des Psammites 
du Condroz. The no less natural distinction between the Old Red Sandstone and the Carboniferous 
Limestone, marked by abrupt and extreme lithological contrast, which Vaughan utilized to define the 
base of the Avonian series in the South-Western Province, inevitably linked the whole of the Lower 
Limestone Shales with the beds above and separated them from the beds beneath. In both cases facies 
was confirmed (or taken for granted) as a sound basis for stratigraphical classification. 


In one aspect stratigraphical nomenclature is essentially no more than a matter of terminological 
definition; and the subsequent adjustment of the Famennian-Tournaisian junction in Belgium by its 
transference from the top to the bottom of the Strunian beds was (once the correlation was accepted) 
simply an acknowledgment that on a regional scale the Cleistoporan base was a more convenient 
datum to adopt than any other—a datum locally recognizable at the top of the “ lagoonal ” Assise 
d’Evieux. But in another aspect this adjustment at the same time implied that the Cleistoporan base 
could not only be located by convention at an agreed horizon, but also be recognized on “ objective ” 
stratigraphical evidence at an identifiable horizon. It also implied that a diastrophic change in one 
area (the flooding of the Welsh cuvette of Old Red Sandstone by the transgressive Carboniferous sea) 
was a Suitable foundation for more extended stratal subdivision. 


Over most of Britain outside Devon the recognition of the Cleistoporan base, though professedly 
dependent on the occurrence of diagnostic Cleistoporan fossils, in practice rests in the lithological 
contrast between red sandstones and grey calcareous shales. The fossils in the shales are in fact no 
more than an incidental expression of changing conditions of sedimentation: they are not, except on 
other grounds than their mere occurrence, intrinsically definitive of Carboniferous as against Devonian 
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and they are less of Cleistoporan age (though it happens they are that) than members. 
istopora-zone facies assemblage. Such a stratigraphical datum, palaeontologically equivoca in 
racter, is notoriously defective in being both local and diachronic. Schindewolf (1926, 1928, 1936), 
marizing much German work, has contended it should be replaced by a criterion at once “ rational ” 
and ‘‘ trustworthy,” which he has found in the cephalopod sequence as established in regions where 
there is a continuously marine Devonian-Carboniferous sedimentary series. Incidentally, following 
the argument of his thesis, he has upheld former practice in placing the Wocklumeria-Stufe, approxi- 
“mately equivalent to the Cleistopora zone, and the Gattendorfia-Stufe, ranging probably as high as 
the upper Zaphrentidan, in the Devonian*, a view partly endorsed by Hudson & Turner (1933). 


On grounds of abstract theory Schindewolf’s contention has no doubt much to be said in its favour. _ 

_ But in Britain it breaks down in practice because of the great rarity—almost complete absence—of 
goniatites in the lowest Avonian beds. The Wocklumeria-Gattendorfia sequence, established mainly 
in western Germany, is completely unknown in the ‘‘ Famennian”’ marine Pilton Beds and Entomis 

Shales of Devon—and indeed is scarcely better represented in the Ardennes. The only cephalopod 
‘links between Britain and the Continent are provided by a doubtful clymeniid and occasional specimens 

_ of Imitoceras found near Barnstaple and Fremington (Paul, 1937, p. 435); and by a solitary specimen 
of a prolecanitid found in the Lower Limestone Shales near Abergavenny+. 


Paul (1937, p. 440) has endeavoured to identify an areal succession of sub-parallel facies-belts in 

the Pilton Beds and their assumed equivalents in north-west Europe; but his divisions, while they 
“indicate a probable southward off-shore deepening, do not hold in any detail in Britain: only by 
emphasizing selected elements in the several faunas is it possible to accept them: and in any event 
‘they are not applicable to the ground north of the Bristol Channel. Similarly, Vaughan’s assumption 
of a widespread development of a lagoonal Modiola phase (K,,) at the base of the Cleistopora zone, 
forming a group of strata transitional from the Old Red Sandstone, obscured a marked variation in 
the lowest Avonian sediments when they are traced over comparatively short distances in the South- 
Western Province. An analysis of local faunal assemblages, in terms not merely of lists of species but 
also of numerical proportions of individuals, reveals a variety of sub-facies to characterize the 
Cleistopora zone and its equivalents in Devon and Belgium. They cause difficulty in establishing 
precise and acceptable correlation, and in making detailed palaeogeographical inferences. 


eee 


II. THE CLEISTOPORA ZONE IN THE SOUTH-WESTERN PROVINCE 


The Skrinkle Sandstones contain a fauna (with Spirifer verneuili, ““Rhynchonella’ laticosta, 
Ptychopteria damnoniensis) which, though restricted, is a fairly satisfactory basis for regarding them as 
Famennian in age and for correlating them with the Marwood and lowest Pilton Beds of Devon 
(Dixon, 1921, p. 50). But the succeeding lowest beds of the Lower Limestone Shales, to which they are 
apparently completely transitional (and in which Myophoria deltoidea is found), are characterized by 
a faunal assemblage very different from that of the upper Pilton Beds, equally transitional from the 
underlying strata. Indeed, in Devon very few of the typical Cleistoporan fossils occur, even rarely: 
Spirifer tornacensis, syringothyrids, Spiriferinella spp., Cleiothyridina cf. roissyi, Camarotoechia 
mitcheldeanensis, Hustedia carbonaria, and Chonetes cf. hardrensis appear to be completely or almost 
completely absent. Conversely, Spirifer verneuili and dalmanellids, common in the upper Pilton Beds 
and having Devonian affinities (being also found in the Belgian Strunian), are almost unknown in the 
Lower Limestone Shales in the South-Western Provincet. 

On the other hand, productids typical of the Strunian stage (Avonia praelonga, Buxtonia cf. 


* More recently, Schindewolf (1939; see also Paeckelmann & Schindewolf, 1937) has placed the Gattendorfia beds 
(‘ Oberdevon VII’’) in the Tournaisian (“ Unterkarbon I’). 
+ I have to thank Dr. C. J. Stubblefield for drawing my attention to the existence of this specimen. 
+ A Dalmanella-like orthid is not uncommon near Stoke Lane in the Mendips. 
35 


S 4° te 


west Cision beds of Gower Nigeuins ae soheks ae are associated with Spirife 


Spiriferellina spp., Chonetes cf. hardrensis, and schellwienellids. 


Correlation is clearly dependent on the relative emphasis placed upon the respective 
elements, and any conclusion reached may be in part a cyclical result following arbitrary classific 
Thus the separation of the Skrinkle Sandstones from the Lower Limestone Shales is prima 
lithological one, being based on the highest occurrence of red beds (Dixon, 1921, p. 67). Where 
intercalations are reduced to insignificance in the Skrinkle Sandstones, as at Freshwater West (Dixon, r 
1921, p. 52), the grey shales of the group, not readily to be distinguished on lithological characters ~ 
from the “‘ true’ Lower Limestone Shales, contain Spirifer verneuili and other “ Upper Devonian” — 
fossils. The occurrence of a Skrinkle fauna in the highest red quartzitic grits and sandstones of the 
Old Red Sandstone of the Breconshire North Crop does not then necessarily confirm the age of these 
“‘ Breconian ” sediments as uppermost Devonian, or the reference of the overlying Grey Grits to the 
Avonian series. - 


It has long been recognized that K,, in the South-Western Province is not to be looked upon as a 
sub-zone characterized by a faunal assemblage of precise age, but as a rock-type having merely phasal 
significance. Not only are modiolids and other lamellibranchs common at various horizons throughout 
the Cleistopora zone, but the individual species are more or less long-ranging forms (so far as they are 
known at present: it is probable that refinements of identification would make them much more — 
useful zonal indices than they have hitherto proved to be). Thus Modiola lata itself is recorded from 
various zones of the Avonian, as also are a number of its associates like the nuculids and the 
sanguinolitids: for instance, Sanguinolites of abdensis type, not uncommon in the lowest Cleistoporan 
beds of South Wales, is the characteristic member of the “ Abden fauna” of the Lower Limestone 
Group of Scotland, where it falls into the Dibunophyllum zone, and where it is found with taxodonts 
like Nucula gibbosa and Nuculana attenuata. Similarly, Myophoria deltoidea, a common Upper. 
Devonian form of Devon, is abundant in the Lower Limestone Shales some 50 feet above the top of 
the Skrinkle Sandstones in West Angle (Dixon, 1921, p. 116), and occurs at approximately the same 
horizon in Gower. 


No doubt K,,, where it occurs as a basal phase, reflects conditions of sedimentation transitional 
between Old Red Sandstone and Carboniferous Limestone; but at a great number of localities in the 
South-Western Province the initial incursion of the Carboniferous sea was sufficiently rapid to establish 
almost immediately normal marine conditions, the lowest Cleistoporan beds containing a fairly rich 
fauna particularly of brachiopods (though Strunian corals are everywhere absent). Both in number 
of individuals and variety of kinds the assemblages of the lowest beds of the Lower Limestone Shales 
may be as rich as those of upper K, and K,. This basal fauna not infrequently is (as yet) scarcely 
distinguishable in any respect from faunas at various horizons up to the base of the Zaphrentis zone: 
locally containing abundant specimens of Spirifer tornacensis, syringothyrids, Spiriferellina spp., and 
Dictyoclostus vaughani, together with the almost ubiquitous athyrids and Camarotoechia mitchel- 
deanensis, it renders meaningless Vaughan’s original subdivisions of the Cleistopora zone. Such 
a rich fauna in beds within a few feet of the Old Red Sandstone occurs, for instance, in the Forest of 
Dean (Sibley & Reynolds, 1937, p. 34), along much of the North Crop in South Wales (Robertson, 
1933, p. 36; George, 1927, pp. 53, 69), and in Pembrokeshire (Dixon, 1921, p- 117). Often there is 
then no observable transition from one formation to the other: the knife-edge contact between the 
Lower Limestone Shales and the Grey Grits in parts of Breconshire suggests non- -sequence if 
not unconformity. At the same time, temporary reversions to “lagoonal’’* facies are marked by 
beds crowded with modiolids (and other lamellibranchs) at various horizons in both K, and K,. 


* The term “lagoonal” is misleading. The mere occurrence of molluscan layers is not to be taken as indicative of 
peculiar conditions of sedimentation. 
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In the result, the Cleistopora zone (of which the limits are significantly coincident with those of the 
lithologically defined Lower Limestone Shales) appears as a series of shales and limestones of generally 
uniform facies that are recognized to belong to the zone less because they yield a characteristic fossil 
assemblage—perhaps Avonia bassa is the only satisfactory zonal form—than by their stratigraphical 
position between unfossiliferous red sandstones below and coral-bearing limestones above. There 
can be little doubt that the zone is homotaxially equivalent in whole or in part to the Assise d’Etroeungt, 
and the lower beds of the zone in Pembrokeshire and Gower are probably to be correlated with the 
upper Pilton Beds of Devon. But the zone is in essence only a lithological entity, a transitional 
interpolation between contrasted facies of whatever age (compare Schindewolf, 1928). 


Il. THE CLEISTOPORA ZONE IN THE CENTRAL PROVINCE 


It is possible that some of the red basement beds of the Avonian series in North Wales are referable 

_ to the Cleistopora zone, since they contain in places common camarotoechiids and finely striate 
chonetids. (If this should prove to be the case, there occurs between them and the overlying 
Dibunophyllum zone a major stratigraphical break that may be correlated with the Nassauian intra- 

_ Avonian unconformity in South Wales.) With this possible exception, the zone is not known to come 
to outcrop in the Central Province. 

Hudson (1938) however has given an important summarized account of sediments penetrated in a 
borehole near Skipton, where some 200 feet or more of mudstones, shales, and limestones contain 
“faunas comparable to those of the Lower Limestone Shales of K age in the south of the British Isles 
and also to those of the Assise d’Etroeungt of Strunian age in Belgium and France.” This new evidence, 

_as Hudson indicated, throws welcome light on early Tournaisian geography in revealing continuity 
of sedimentary facies between the South-Western Province and the Central Province, presumably 
around the western flanks of St. George’s Land. 

At the same time the correlation clearly illustrates the dependence on facies that is inherent in the 
recognition of the zone. Hudson suggested a Cleistoporan age for the beds partly on the evidence 
of their associates. On the one hand, they are underlain by strata which have the facial aspect, and may 
be the equivalents, of the Skrinkle Sandstones—strata which are non-calcareous (though as they were 
originally shelly they may be decalcified) and contain an abundant fauna of modioliform lamellibranchs: 
but beds rich in modiolids are recurrent not only in Upper Devonian but also throughout the Cleistopora 
and Zaphrentis zones in the southern British outcrops (even in massive oolites in parts of South Wales), 
and the molluscs are not to be looked upon as indicative of any precise age until much more is known 
of their detailed morphology and distribution. On the other hand, they are overlain by mudstones with 
zaphrentids, allocated because of the corals to the Zaphrentis zone: but the presence or absence of 
Zaphrentis is a negatiye criterion, useful as it happens for recognizing the Cleistopora-Zaphrentis 
zonal junction in the South-Western Province but inapplicable to Belgium where the Strunian fauna 
includes species of several genera of rugose corals, including zaphrentids; and there is no reason to 
suppose a priori that strata truly of Cleistoporan age in the Skipton succession are necessarily without 
zaphrentids. 
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IV.. THE TOURNAISIAN STAGE NORTH OF THE CRAVEN FAULTS 


The Cleistopora zone is recognizable in the South-Western Province on certain lithological and 
faunal attributes. In terms of those attributes it is meaningless to talk of the Cleistopora zone in the 
Northern and Scottish Provinces, though there can be little doubt that beds of Cleistoporan age form 
part of the Tuedian succession. 

The Cementstones facies, thickly developed in parts of Cumberland and Northumberland, is 
apparently conformable to, and in its lowest strata inosculates with, the Old Red Sandstone. Partly 
on this basis it has usually been regarded as belonging to the Tournaisian, possibly spanning the whole 
of that stage. In Cumberland and Liddesdale the reference of the Fell Sandstone to the Upper Caninia 
zone tends to confirm this correlation, though manifestly cementstones are variably developed in 
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different parts of the north-English and south-Scottish outcrops, and as “lagoonal ” deposits 
alternating with more normal fossiliferous marine layers constitute a local and recurrent facies. 

In the Midland Valley of Scotland the general absence of marine beds below the Lower Limestone 
Group makes a recognition of the Tournaisian limits, even in the most general sense, extremely 
difficult. The Oil Shales, overlying comparatively thin Cementstones in the Lothians, appear on the — 
evidence of the occasional goniatites they contain to be of B, (D,-D,) age: this, if there is no 
discontinuity in the succession, would imply that some 600-700 feet of Cementstones are referable to 
_ the whole of the Tournaisian plus the lower part of the Visean stage; whereas in northern England the 
Cementstones may reach thicknesses of perhaps 4,000 feet, all presumably restricted to the Tournaisian 
stage. 

The Randerstone limestones not far above the base of the Cementstone series in Fife contain a 
species of Camarotoechia which may be the same form as Camarotoechia proava of the proava beds 
of Liddesdale and Westmorland (Macgregor, 1931, p. 476; Garwood, 1931, p. 129). On this rather 
tenuous foundation, and on the further assumption that the proava beds fall into the Lower Caninia 
zone (though the definitive faunal assemblage of the zone in northern England is very different from 
that of the South-Western Province), it is to be inferred that the thin underlying Cementstones belong 
to the Zaphrentis and Cleistopora zones. 

Nevertheless, the great thickness of beds of similar facies in northern England makes it doubtful 
whether the peculiar lithology of the Cementstones of Scotland—lagoonal of a special type: dolomite- 
and calcite-mudstones with at best a restricted fauna of lingulids and molluscs—necessarily indicates 
slow deposition. The palaeontological evidence being virtually nil, and the inference dubious, it is as 
yet no more than a speculation to suggest that the cementstones of the Midland Valley—especially 
those (the Ballagan beds) of the Glasgow district—may represent only the upper part of the 
Tournaisian. Their apparent conformity with the beds beneath would then be interpreted as a con- 
tinuation of Old Red Sandstone conditions into Tournaisian times. That is, it is possible that some of 
the ““Upper Old Red Sandstone” of the Glasgow district may be of Cleistoporan age: a view already 
put forward on other grounds by Kennedy. 


V. THE TOURNAISIAN-VISEAN JUNCTION 


Vaughan early came to recognize that zonal subdivision on a basis of faunal assemblages was not 
strictly dependent upon the evolutionary succession of species and genera which he initially supposed 
to be the case. When he considered Lithostrotion to be descended from Caninia, its sudden incursion 
at the top of the Caninia zone seemed an obviously convenient means of distinguishing the Kidwellian 
from the Clevedonian stage, though it overlapped the complementary disappearance of Caninia 
(Vaughan, 1905, p. 264). It is still not possible, however, to demonstrate (what is indeed improbable) 
that the incoming of Lithostrotion—a cryptogenetic genus, as we now know—occurred over much of 
Britain at virtually the same moment of Avonian time, since there is no reliable standard by which it 
can be dated. 

Even in the South-Western Province the distinction between an Upper Caninia and a Lower 
Seminula zone is in most localities not feasible, since the limestones in which Lithostrotion first appears 
are clearly the product of phasal changes marked by the replacement of shallow-water oolites and 
calcite-mudstones by coarse-grained open-sea “ standard ” crinoidal limestones; and the incoming of 
Lithostrotion is an incident in a spectacular re-establishment of a rich coral and brachiopod fauna. 
Moreover, where the composite C,S, zone as a lithological unit is most typically and thickly developed, 
lithostrotionids appear at abnormally low horizons, the base of the Lower Seminula zone (defined by 
that appearance) lying at rather less than 100 feet above the mid-Avonian lagoon phase. It is to be 
anticipated that, in suitable circumstances, Lithostrotion could appear sufficiently early to obliterate 
the conventionally defined Upper Caninia zone altogether. (Compare Reynolds & Vaughan, 1911, 
p. 367.) 
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The effect of Dixon’s stratigraphical analysis (Dixon & Vaughan, 1911, p. 542) was a partial rejection 


incidentally the names fell into desuetude). By implication Dixon insisted on a facies definition of 
Avonian stages in his demonstration that the major lithological cycles in the South-Western Province 
_ Were consequent upon appreciable earth-movement. He presented a strong case for diastrophism to 
be regarded as a principal ground for the separation of the Upper from the Lower Avonian stage, and 
- zone. 
____ These variations in classification are clearly artificial in the sense that the stage and zonal divisions 
_ are established at locally convenient phasal boundaries and do not reflect an absolute time-scale 
_ represented in a series of sediments of which the thicker developments are substantially continuous. 
_ Thus the mid-Avonian lagoon phase characterizing the base of the Upper Caninia zone in much of 
_ the South-Western Province is in detail transitional from the underlying Caninia Oolite, and contains 
_ oolitic layers virtually indistinguishable lithologically from the massive oolite beneath. It is a 
conveniently identifiable datum in a succession of lithological changes; but, as Dixon himself recognized, 
_ it by no means follows that it is everywhere of the same age. | : 
Nevertheless, the significance of the mid-Avonian stratigraphical nomenclature adopted in the 
South-Western Province is not altogether spurious. It reflects real changes in lithology, which, over 
the comparatively small area of the Province, were approximately synchronous: there can be little 
doubt, for instance, that the Caninia Oolite (the Gully Oolite) of the Avon section is to be correlated 
with the Caninia Oolite of the Vale of Glamorgan and of Gower. On Dixon’s exposition, it is then 
- proper to regard the top of the Lower Avonian stage in the South-Western Province as being defined 
by the Caninia Oolite (wherever that rock may be identified). Moreover, in terms of the succession 
named by Vaughan and revised by Dixon, the Oolite perforce belongs to the Lower Caninia zone, 
which was in the first instance specifically and explicitly designed to include the Oolite and has continued 
ever since consistently to include it despite other nomenclatural changes. 

The conclusion that the Caninia Oolite is necessarily of uppermost Tournaisian age is not contingent: 
it could only be established by acceptable correlation of the Oolite with the appropriate beds of the 
Franco-Belgian succession, the Calonne and Vaulx limestones and part of the Waulsortian reefs. The 
general lack of fossils in the Oolite (Michelinia and primitive koninckophyllids are the only relatively 
common corals) makes difficult the recognition of its equivalents outside the South-Western Province* 
(compare Vaughan, 1915, pp. 20-23). Nevertheless the occurrence of goniatites in the Oolite of 
Gower (George & Howell, 1939), including forms comparable or identical with Prolecanites discoides 
(= Protocanites lyoni), Muensteroceras inconstans, and Pericyclus kochi, supplemented by the occurrence 
of goniatites in the Upper Caninia zone at no great distance above the Oolite (George & Ponsford, 
1935), including Muensteroceras euryomphalum and Merocanites cf. compressus, indicates an age very 
close to that of the uppermost Tournaisian beds of Belgium (Delépine, 1940, p. 19); and it may be 
concluded that the upper limit of the Lower Avonian stage broadly coincides with that of the 
Tournaisian. 

The Caninia Oolite is in its facies limited, however, to parts of the South-Western Province. Using 
the succeeding Nassauian unconformity (at its climax) as a convenient chronological datum, and 
thus extending Dixon’s initial thesis, Hudson & Dunnington (1944, p. 212) have argued that the 
humerosa beds of the Central Province, which underlie the unconformity, equate with the Oolite. This 
may well be the case (though Plicatifera humerosa has not yet been recorded from the South-Western 
Province): the consequent zonal deduction is that the humerosa beds, hitherto regarded as falling into 
the Upper Caninia zone, belong to the Lower. An obvious complication ensues, however, since the 
humerosa beds cannot then correlate with the sublaevis Oolite of Belgium unless the Caninia Oolite is 


* The correlation of the oolites of the Caninia zone of the Avon Gorge and the North Mendips was itself an instance 
of this sort of difficulty, even though the two areas are close together (Reynolds & Vaughan, 1911, p. 348). 
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_ VI. THE CANINIA OOLITE IN THE SOUTH-WESTERN PROVINCE 


‘Facies changes present difficulties in correlation which are well borne out in the zonal obscuri ies 
of the Avonian succession in the Forest of Dean. Even more difficult is the problem of interpreting a 
stratigraphical change when the facies succession apparently remains constant, but there are sou S 
for suspecting diachronism as the sediments are traced laterally. 

The general similarity of the Tournaisian zonal succession in the Avon Gorge and the Mendips to ~ 
that of Glamorgan and South Pembrokeshire is so close that there is little doubt of the respective 
zones being equivalent in time no less than in lithology: this follows from their having been deposited _ 
along a strike sub-parallel with the major shoreline of St. George’s Land to the north. When, however, 
that shoreline is approached across the strike, anomalous variations in thickness and fauna cast — 
doubt on the possibility of the facies units being everywhere of comparable age. This is well illustrated — 
by the occurrence of oolites above the Lower Limestone Shales. 

If the Lower Limestone Shales are regarded as a convenient lowest subdivision of the Tournaisian 
(though this assumes what has not been proved and what is likely to be true only in a general sense), 
the ‘‘ Caninia Oolite ”’ as it is traced northwards along the East Crop and westwards along the North 
Crop in South Wales appears to retain both its stratigraphical position immediately beneath C, and 
its general lithological character. At the same time, the beds between it and the Lower Limestone 
Shales become progressively thinner until, on the North Crop, they are reduced to some sixty feet near 
Abergavenny and less than twenty feet in the Vale of Neath. It is not easy to suppose that the crystalline — 
dolomites of this remnant can be regarded as the sedimentary equivalents of 800-900 feet of the 
Zaphrentis and Lower Caninia zones of the southern outcrops in South Wales. There is, however, no 
lithological evidence of discontinuity in the succession on the North Crop, and no sign of an erosive 
junction between the “ Caninia Oolite ” and the underlying dolomites. In all probability, therefore, 
the oolite in this ground is older than the true Caninia Oolite of Gower or the Avon Gorge: signifi- 
cantly it contains a number of fossils, including Camarotoechia mitcheldeanensis, Leptaena, Spirifer 
tornacensis and pustulose productids which, though not completely diagnostic, possess the aspect of 
an assemblage more typical of the Zaphrentis zone than of the Caninia zone, and strengthen the 
doubts cast upon a correlation which is solely based upon lithological similarity. Since the Lower 
Limestone Shales beneath the dolomites are reduced to a quarter or less of their thickness in the 
southern outcrops, it is possible that the lateral changes of facies are yet more radical. 


VII. ““ STANDARD ”’ LIMESTONES OF THE UPPER TOURNAISIAN 


When such difficulties arise in the comparatively small area of the South-Western Province it is 
only to be expected that facies changes more or less effectively prohibit correlation between the South- 
Western Province and the ground to the north. There is no palaeontologically acceptable evidence to 
establish the precise equivalence of the individual regional units of the Zaphrentis and Lower Caninia 
zones of the Avon with any of the subdivisions established by Hudson and Parkinson (1926, 1936) in 
Yorkshire and Lancashire. Even in the richly fossiliferous crinoidal “‘ standard ’’ limestones of 
Glamorgan the massive calcareous lithology is appreciably different from that seen in the Chatburn 
limestones and the Haw Bank limestones; while the recurrent shale facies of the Central Province is 
virtually unrepresented in the South-Western Province. In a general sense the zaphrentid fauna of the 
two regions is of broadly uniform aspect, but the richer assemblage of corals found in the north serves 
only to reveal the relative poverty of the southern assemblage. 

The brachiopods also differ between the two Provinces: for instance the characteristic Dictyoclostus 
teres of the north has not yet been recorded from the south where it may not be present. Moreover 
there are certain anomalies in distribution, Plicatifera humerosa and Chonetes destinezi being found 
together, whereas, if the humerosa beds are the equivalent of the Caninia Oolite and reliance is to be 
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placed in the productid as a zonal form, they should be found in sequence. Still farther north the 
evidence for the existence of the Zaphrentis zone is virtually nil, since it is to be found in the abnormal 
; cementstones: the lowest recorded horizons in Cumberland and Westmorland are of Caninian age if 
_ teliance can be put upon the special fauna which includes Camarotoechia proava and Dictyoclostus teres. 
In Scotland there is no acceptable evidence of any kind suggesting the occurrence of the Zaphrentis 
_ zone and only dubious evidence of the Lower Caninia zone. This is not to say that they are not present 
but only that the cementstone facies, unfossiliferous so far as corals and brachiopods are concerned, 
_has as yet yielded forms—mainly algae—which require much greater examination before they can 
_ provide grounds for correlation. 
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FAUNISTIC SUBDIVISIONS AND CORRELATION OF THE LOWER 
CARBONIFEROUS OF THE U.S.S.R. 


By L. S. LIBROVICH 
U.S.S.R. 4 or 


ABSTRACT 


The lower boundary of the Carboniferous system within the U.S.S.R. corresponds to the base of the Malevko- 
Muraevnia beds in the Moscow Basin, of the Novotroitzk zone in the Donetz Basin, of the strata with a fauna of the 
Etroeungt type or of the beds with Synwocklumeria in the Urals and in Central Asia, of the Abyshev zone in the Kuznetzk 
Basin, etc. 

In the Lower Carboniferous of the U.S.S.R. the boundary of the Tournaisian and the Viséan is at the base of the beds 
with an abundance of Productus humerosus J. Sowerby in the marine brachiopod facies of the Urals and Central Asia, 
and at the base (or near the base) of the coal-bearing deposits of the southern part of the Moscow Basin and the western 
slope of the Urals, etc. 

There are no grounds sufficient for regarding the boundary of the Viséan and the Namurian as the upper boundary 
of the Lower Carboniferous. 

A conspicuous incoming of new faunal (and floral) elements is observed at the base of the Reticuloceras zone and at 
the base of the Bashkirian strata of the Urals and their analogues (appearance of Staffella antiqua Dut., coarsely costate 
‘Choristites, etc.). However, this boundary, passing within the Namurian stage, the Serpukhovian series of the Lower 
Carboniferous of the Moscow Basin, etc., is not suitable for separating the Lower from the Middle Carboniferous. 

An argument in favour of drawing the boundary of the Lower and Middle Carboniferous between the Namurian 
and the Westphalian, as it is most widely accepted in the U.S.S.R.—that is, at the base of the Carboniferous series of 
the Donetz Basin, at the base of the Upper Bashkirian beds of the Urals, etc.—is presented by the substantial entry of a 
new fauna above this boundary (appearance of the first fusiform Fusulinidae—Profusulinella—the first typical, finely 
costate Choristites, typical Gastrioceras, etc.). 


DISCUSSION 


A. LAMONT observed that the incoming of complex foraminifera like Archaediscus karreri marks off the S Zone of 
the Avon Gorge at Bristol from the Caninia Oolite below which has forms of an Upper Devonian simplicity in number 
of camerae, etc. Much the same break occurs in Russia, and this deserves further investigation. 

J. S. Lee remarked that the same fauna as that discussed by the author is characterized in China by Profusulinella, 
which occurs also in the U.S.A. and is traceable to the Alpine region. He wondered how the fusulinid fauna originated. 
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CORAL ZONES IN THE UPPER PALAEOZOIC oa 
OF THE URALS | ee 


By I. I. GORSKY | EE 
U.SS.R. | ie . 


' ABSTRACT 

1. The best studied deposits of the Urals with regard to coral faunas are the Upper Palaeozoic deposits, in which several 
zones are distinguished by them: three in the Middle Carboniferous, two in the limestone facies of the Upper Car. 
boniferous and Lower Permian, and two in the areno-argillaceous facies of the Lower Permian. 

2. The coral fauna of Pz, of the Urals is a local one, which has;developed from an Upper Viséan fauna. It is char- 
acterized by a profusion of descendants of Caninia juddi Thomson, as well as of colonial corals of the genera Diphystrotion, 
_ Orionastraea, Cystophora, and Thysanophyllum, which impart an archaic appearance to the fauna. Highly organized 
Protowentzelella, Wentzelella, and Lonsdaleiastraea constitute an insignificant part of the fauna and appear later than in 
other areas. Waagenophyllum and Polythecalis are absent. 

3. A comparison of the coral faunas of Pz, of the Urals with faunas of other countries shows that (a) the coral fauna 
is of restricted importance in correlating sections represented by different sediments; (6) in comparing the coral faunas 
of any particular regions the nature of the sediments should be considered; (c) within a given region the fauna belonging 
to one facies is of the same type and makes possible a precise correlation to a zone or horizon, but in studying the coral 
fauna one should adhere to a narrow interpretation of species. 


NE of the better studied groups, rivalling in this respect the Foraminifera and Brachiopoda, 


are the corals of the Upper Palaeozoic formations of the western slope of the Urals. 


THE CORAL FAUNA OF THE MIDDLE CARBONIFEROUS: GENERAL CHARACTERISTICS 


The coral fauna of the Middle Carboniferous, though a further stage of the development of the 
coral fauna of the upper part of the Lower Carboniferous, possesses readily detectable peculiarities 


which permit exact distinction between the two. Of these peculiarities the following may be noted. 
The Middle Carboniferous coral fauna is destitute of such genera as Palaeosmilia and Dibunophyllum, . 


so characteristic of the Lower Carboniferous; others occur as single, rare forms, such as, for instance, 


Lithostrotion, which is extremely frequent in the Lower Carboniferous. Completely absent are the 


groups of Lonsdaleia floriformis Mart. and Lonsdaleia duplicata Mart., which are characteristic of the 
Lower Carboniferous, and many species of the genera Caninia, Koninckophyllum, Diphyphyllum, 
Zaphrentis, etc. 

Some groups of species and some genera which existed in the Lower Carboniferous but which 
played no important part in the composition of its fauna underwent intense development in the Middle 
Carboniferous. Such is the group of the Lower Carboniferous species Caninia juddi Thom., and the 
genera Fischerina, Corwenia and especially Bothrophyllum, the latter being probably the most common 
genus among the Middle Carboniferous corals of the U.S.S.R. 

The Middle Carboniferous of the Urals is also characterized by the profusion of species of the genus 
Caninia, rivalling in frequency the genus Bothrophyllum. Finally, new forms which develop in the Middle 
Carboniferous are Multithecopora, Timania, Pseudotimania, Lithostrotionella, Cystophora (absent in 
the Urals), Lytvophyllum, Koninckophyllum and. Lophophyllidium. 

Despite such great differences between the Lower and Middle Carboniferous coral faunas, their 
genetic relations are quite obvious, and the Middle Carboniferous fauna presents but a further stage 
in the development of the coral fauna of the Lower Carboniferous. The close affinity between them is 
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pparent not only from the existence of common genera, but also from new forms dating from the 
iddle Carboniferous which have their ancestors in Lower Carboniferous species and genera. 


DEVELOPMENT OF THE CORAL FAUNA IN THE MIDDLE CARBONIFEROUS 


_ On a somewhat more detailed inspection of the Middle Carboniferous coral fauna from the viewpoint 
of its changes in time within the limits of the Middle Carboniferous and in space within the boundaries 
of the western slope of the Urals, some statements may be made which will be helpful in realizing the | 


Stratigraphical importance of corals. 

: Let us consider more explicitly the faunas of two regions, those of Kizel-Chusovaia and Bashkiria, 
to which belong the great majority of Middle Carboniferous corals described. These faunas each 
contain several representatives of the genera Chaetetes, Caninia, Bothrophyllum, Campophyllum, and 
Koninckophyllum; common to both, yet represented by single specimens, are Pseudotimania, 
Lophophyllidium, Lithostrotion, Lithostrotionella, Lytvophyllum (erected by T. A. Dobrolyubova for 
corals similar to Thysanophyllum, but having a columella), and Corwenia. 

_ The genus Hapsiphyllum has been found in the Kizel-Chusovaia region, but the genera Multi- 
thecopora, Cladochonus, Zaphrentis, Lophophyllum, Arachnolasma, Fischerina, Orionastraea, and 
Dibunophyllum (?) in the Bashkirian only. 

Hence, the Bashkirian fauna is considerably the richer in generic composition. It must be 
remembered, however, that the above genera are mainly represented by one species and few or even 
single specimens, and their presence or absence in the record may to a considerable degree depend on 
chances of collecting. 

Still greater divergences are observed in the specific composition. Thus the Bashkirian fauna is 
apparently totally devoid of a peculiar group of small Caninia (group of Caninia irinae Gorsky) which 
is widely distributed in the lower part of the Middle Carboniferous of the Kizel-Chusovaia region. 
The group of Caninia remotetabulata Gorsky, proper to the Kizel-Chusovaia region, is also lacking, 
whereas that of Caninia nalivkini Gorsky, absent in the Kizel-Chusovaia area, occurs in great numbers 
and is represented by several species. A species of the genus Caninia, abundantly represented in both 
regions, is the unique species Caninia mutafii Gorsky. 

Another essential difference is the smaller number of representatives of the genus Bothrophyllum 
in the Bashkirian fauna, while in the Kizel-Chusovaia region it is abundant and much more varied in 
specific composition. 

A third difference is the occurrence in the Bashkirian fauna of an undescribed subgenus not en- 
countered in the Kizel-Chusovaia area, as well as the great frequence in the former of a variety of 
Lytvophyllum tschernovi Soschk., which is rare in the Kizel-Chusovaia region. . 

These substantial differences in generic and specific composition of the faunas—besides chance 
and imperfection of collecting, which are of importance only for rare genera and species—may be 
explained (a) by asynchronism of the two faunas, and (6) by different facial conditions. | 

Indeed, the faunas are asynchronous. The effect of this factor is particularly evident on analyzing 
the faunas of the lower part of the Middle Carboniferous of the two regions. The Middle Carboniferous 
of Bashkiria is divided into three series, C3, C5, CS; the Middle Carboniferous of the Kizel-Chusovaia 
region is also composed of three series, C}, C3, C3, all asynchronous. . 

The lowermost part of the Bashkirian Middle Carboniferous is absent in the Kizel-Chusovaia 
region, while the well-developed and richly coralliferous Bashkirian strata (horizon Cy apparently 
only partly possess analogues in the lower series (C}) of the Kizel-Chusovaian Middle Carboniferous. 
In other words, the Bashkirian profile of the Middle Carboniferous includes an older part than that of 
the Kizel-Chusovaia region. 7 

Apparently, this circumstance may partly explain the difference in composition of the coral fauna, 
namely, the presence in the Bashkirian fauna of such genera as Dibunophyllum (unique specimen) 
and Fischerina, large divergences in specific composition of the genus Campophyllum, and the frequent 
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- differences of generic composition. 
These differences are in all probability to be explained not only by asynchronism of respecti 
coral faunas, but also by different facial conditions which have affected the characters of the roc 
The whole profile of the Middle Carboniferous of Bashkiria as regards the coral localities is represe 
exclusively by carbonate rocks mainly composed of pure limestones, while in the Kizel-Chuso’ 
profile a considerable part (4-4) is built up of rocks with a large admixture of terrigenous mate 
or entirely consists thereof. Such are the rocks of the series C3—marls, shales, sandstones, cla’ 
limestone, etc. _ 
As regards the changes of the coral fauna within the limits of the Middle Carboniferous, that of 
the lower horizon (C3) in the Kizel-Chusovaia region is characterized by the presence of groups of 
small Caninia (Caninia irinae Gorsky), the smaller number and rare occurrence of representatives of 
the genus Bothrophyllum, the rather wide distribution of the genus Campophyllum and the appearance 
of a new genus, as well as of the group of Koninckophyllum riphaeicum Gorsky (remarkable for the 
simplicity of structure of its central zone). 
In the middle horizon (C3) the number of small Caniniae notably cies till their complete 
disappearance with corresponding increase of that of the genus Bothrophyllum. The group o 
~ Koninckophyllum riphaeicum Gorsky continues to develop, and a few colonial corals appear belonging 
to the genera Lithostrotionella and Lytvophyllum. 
The upper horizon (C3) is characterized by a profusion of representatives of the genus Bothrophyllum, 
which frequently crowd the limestone and are varied in species, and by the presence of large Caninia, 
part of the trend of development from the Lower Carboniferous Caninia juddi Thom. to the group of 
Caninia kokscharowi Stuck., which is abundant in the Upper Carboniferous and Lower Permian 
limestones of the western slope of the Urals. 

The Bashkirian Middle Carboniferous is also divided into three horizons. The lower, C3, might 
even be partly referred to the Namurian; it is poor in coral remains. The middle horizon (C3), or 
Bashkirian Beds, contains a rich coral fauna. There appear the genera Multithecopora and Cladochonus — 
of the Tabulata, and, of the Rugosa, the new genus noted above, numerous species of the genus 
Campophyllum (particularly characteristic is the peculiar Campophyllum contortulum Gorsky), the 
new subgenus mentioned on p. 45, and various genera of colonial corals: Fischerina, Lithostrotion, 
Orionastraea, Lithostrotionella and Lytvophyllum, however, are represented by a small number of 
specimens, save for the last-named genus. The upper series (C§) is characterized by the appearance 
of the group of Caninia nalivkini Gorsky, of a small quantity of specimens of Bothrophyllum, and of 
the genus Kionophyllum, and by the abundance of the new subgenus just mentioned. 


COMPARISON OF THE CORAL FAUNA OF THE MIDDLE CARBONIFEROUS OF THE URALS WITH CORRESPONDING 
FAUNAS OF OTHER REGIONS « 


The question may arise: if the coral faunas of the Middle Carboniferous of the Urals differ so 
strongly from each other, the difference between the faunas of the Urals and those of other regions 
may be so great as to render any comparison impossible; in other words, whether the Uralian fauna 
is strictly local and unfitted for any stratigraphical and palaeogeographical applications which extend 
beyond the boundaries of the western slope of the Urals. 

To solve this problem, the fauna of the Urals must be compared with others, but only the Moscow 
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ind, in part, the Donetz basins, and to a certain degree China, may be drawn into comparison, the 
coral faunas of other regions being so far completely unexplored. 
_ On comparing the fauna of the Urals with that of Moscow we are led to the following statements. 
The former in its generic composition is considerably the richer—24 genera against 17. Genera common 
to both are Chaetetes, Bothrophyllum, Dibunophyllum, and Lithostrotionella. The Moscow fauna is 
characterized by the profusion of colonial corals and representatives of the genus Bothrophyllum, 
while in that of the Urals colonial corals are rare, with the exception of Lytvophyllum, which is completely 
absent in the Moscow fauna. Further, no specimen of any species of Caninia has been recorded from 
the Moscow Middle Carboniferous, whereas species of this genus in the Urals are manifold and varied. 
‘It may be that this depends on different conceptions of the range of the genus Caninia by authors, but 
at any rate the general aspect of the fauna from each of the two regions is different. 

; It must be recognized that both the coral faunas, while of undoubted Middle Carboniferous age, 
are peculiar, with little resemblance between them, though the corals of the Urals, like those of Moscow, 
well characterize separate horizons. 

__ The Ural fauna bears distinct indications of affinity only with the Lower Carboniferous of that 
area, for example, in the genera Chaetetes, Cladochonus, Amplexus, Hapsiphyllum, Zaphrentis, Caninia, 

Bothrophyllum, Campophyllum, Lophophyllum, Koninckophyllum, Lithostrotion, and Dibunophyllum. 

On comparing the fauna of the Urals with that of the Donetz basin, only a very faint resemblance 
may be seen, just as with the Moscow fauna or even less.. The same is true between the coral faunas 
of the Donetz and Moscow basins. From the former, despite its variety, only four species have been 
tecorded common to the Moscow fauna (in the case of Urals and Moscow, six). Moreover, the general 
composition of the Donetz fauna differs from that of the Urals by the considerable profusion of colonial 
corals, by the diversity of simple corals with a columella, among which numerous new genera have 
been described, and by the small number and little variety of Caninia. 

With the Chinese fauna the Urals have five species in common. It is interesting to note that the 
Chinese fauna contains very rare representatives of such a characteristic coral of the Middle 
Carboniferous as the genus Bothrophyllum, whereas both the Chinese and Ural faunas include a 
group of peculiar Koninckophyllum with faintly developed columella. 

A brief comparison of the Middle Carboniferous faunas of the four regions (Urals, Moscow and 
Donetz basins, and China) shows that the coral fauna of any of them is remarkable for its considerable 
variety despite the small number of common species which make them comparable only in their general 
aspect. 

Were we to take the coral fauna of any region and analyze it according to stratigraphical horizons, 
we should readily see that the fauna of each horizon (if in sufficient quantity) possesses characteristic 
features distinctly expressed. Hence, we must recognize that corals (where in sufficient profusion) 
are reliable indices in stratigraphy, fitted for faunistic characteristics or fractional stratigraphical 

divisions, but only within more or less narrow limits of one and the same geological region and the 
same facial conditions. 


THE CORAL FAUNA OF THE UPPER CARBONIFEROUS AND LOWER PERMIAN LIMESTONES 


On the western slope of the Northern and part of the Central Urals, and on the Ufa plateau and a 
part of the western slope of the Southern Urals, the Middle Carboniferous deposits are overlain by a 
powerful series of limestones all of which were first referred to the Upper Carboniferous. Nowadays 
the upper part of this series, beginning with the appearance of Parafusulina lutugini Schellw., is assigned 
to the Lower Permian*. 

Thus the coral faunas of the limestones of the Upper Carboniferous and Lower Permian have been 


* D. M. Rauser-Chernousova draws the boundary of the Permian lower, under the beds with Pseudofusulina 
-anderssoni Schellw. V. E. Rujentsov assigns to the Permian still lower horizons with Pseudoschwagerina. 
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Comparing all this abundant material we note first of all the unity of the fauna, not 0: 
in its generic composition, but also in the profusion of common species. Thus, species of the 
Orionastraea, Cystophora, Tschussowskenia, Thysanophyllum, Wentzelella and Lonsdaleias. raea, 
erected by T. A. Dobrolyubova, have been found in all the faunas. r: 
The comparison of data from the Kizel region, the Ufa plateau and Sietitamals ioe that he 
assemblages of the coral fauna, determined first by T. A. Dobrolyubova for the Ufa plateau, hold 
very steadily and distinctly for those other areas of deovelopinent of the limestone series of the Upper er 
Carboniferous and Lower Permian. : 
It must be borne in mind that T. A. Dobrolyubova stated the following four horizons: ‘i 
(1) The lowermost, with a profusion of massive colonies of Thysanophyllum perpastum Dobr. 
T. cystosum Dobr., and Campophyllum cf. amplexoides Stuck. Thickness about 44 m. ‘ 


(2) Upward there follow limestones with Orionastraea campophylloides Dobr., Cystophora Po 


Dobr., and all the species of the genus Thysanophyllum, save for typical Thys. perpastum Dobr. 
Thickness 124-130 m. 


(3) Further upward, limestones with all the species of the genus Orionastraea. The species 


O. campophylloides Dobr. and Cystophora biseptata Dobr. occur more seldom than in the underlying 
horizons. Thickness about 140 m. 
(4) The uppermost horizon is characterized by Cystophora wischeriana Stuck. and representatives 
of the genus Protolonsdaleiastraea. 
To still higher strata T. A. Dobrolyubova refers limestones with Lonsdaleiastraea. 


If the above sequence is compared with the distribution of the coral fauna in the Kizel region, it 


will be readily seen that the two lowest horizons, of which the lowermost plays no independent part 
because of the scarcity of its fauna, correspond in the composition of its fauna and in its thickness to 
horizon C3} of the Kizel region*. Indeed, in the latter horizon the following have been recorded: 
Caninia longisepta Greck., C. sp. nov., C. verneuili Stuck. var. nov., Timania schmidti Stuck., T. schmidti 
Stuck. var. nov., Campophyllum schrenki Stuck., and the colonial corals Lithostrotionella (?) sp. nov., 


Tschussowskenia captiosa Dobr., Cystophora biseptata Dobr., Thysanophyllum perpastum Dobr., — 


T. aseptatum Dobr. var. nov., T. cystosum Dobr. var. major Dobr., and Carcinophyllum indigae Stuck. 


The list of corals for the lower part of horizon Pj in the Kizel region is as follows: Sinophyllum — 


sp. nov., S. sp., Laccophyllum sp. nov., Caninia cf. kokscharowi Stuck., C. kokscharowi Stuck. var. 
nov., C. lonsdalei Keys., C. sp. nov., C. verneuili Stuck., C. mylensis Stuck., C. sp., Timania schmidti 
Stuck., 7. schmidti Stuck. var. nov., Diphystrotion spp. nov., Lithostrotion (?) sp., Orionastraea 
campophylloides Dobr., O. stuckenbergi (Gerass.), O. solida Stuck., O. solida Stuck. var. nov., 
O. breviseptata Dobr., O. breviseptata Dobr. var. nov., Lithostrotionella sp. noy., L. (2) sp. nov., 
Tschussowskenia captiosa Dobr., Cystophora biseptata Dobr. var. nov., C. (2) sp. nov., C. monoseptata 
Dobr., C. monoseptata var. 2 Dobr., C. cf. monoseptata var. 3 Dobr., C. monoseptata var. 4 Dobr., 
C. monoseptata Dobr. varr. noy., C. wischeriana (Stuck.), C. wischeriana var. noy., C. sp. nov., 


Thysanophyllum aseptatum Dobr., T. aseptatum Dobr. var. nov., T. cystosum Dobr., T. cystosum var. _ 


major Dobr., Protowentzelella sp. nov., Wentzelella spp. noy., and Lonsdaleiastraea (2) complexa 
Dobr. 

The fourth horizon separated by T. A. Dobrolyubova apparently also fits into the limits of horizon 
Pi of the Kizel region, to judge from the occurrence in it of Cystophora wischeriana (Stuck.). 

Thus, from the brief comparison of the fauna given above, the coral fauna of the Upper Palaeozoic 


limestone series of the Ufa plateau and the Kizel region appears to be of one type, while not 


* The only corals in horizon Cj are Cyathaxonia sp., Caninia kokscharowi Stuck. var. tschussowensis Greck., and 
Lophophyllum sp., so that it cannot be sufficiently characterized by its coral fauna. In profiles drawn by T. A. Dobrolyubova 
the underlying limestones were also poor in corals. 
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ome the lower part of the Upper Carboniferous, whereas in the Urals the coral ean erie 

ate part of the Upper Carboniferous and Lower Permian. 

n the Donetz basin, according to V. D. Fomitchev, the coral fauna also belongs to relatively low — 2 
ons of the Upper Carboniferous—all the simple corals have been described as new species, while : 

the ie forms only Polythecalis and Lonsdaleiastraea are named from it Upper Carboniferous 

(series O 

_ The Samara bend is also unfitted for comparison, its horizons with corals being older than the 

coral horizons of the Urals: the species truly common are only Caninia lonsdalei Keys. and C. verneuili 

Stuck. ; 

In the corresponding faunas of foreign countries, some resemblance may be traced in the generic 

composition of the Permian faunas of China, but the general type and the specific composition of the 

Ural and Chinese faunas have little in common, which is rather to be explained by the younger age of 

he Chinese fauna and by its belonging to another zoogeographic province. 

The coral assemblage of horizon C? corresponds approximately to the zone with Pseudoschwagerina; 

while the next, that of the Lower eerie ee with the lower part of the zone with 
Parafusulina lutugini Schellw. 

Approximately the same is observed with exe to the Brachiopoda. Strata including the coral 
assemblage of horizon C3 correspond to a part of the profile with the so-called Uralian assemblage 
of brachiopods, namely, with the lower sub-assemblage characterized by a rich and varied brachiopod 
fauna: Productus genuinus Krot., P. kutorgae Krot., P. transversalis Tschern., P. pseudomedusa 
9 schern., P. jakowlewi Tschern., etc., Spirifer lyra Kut., S. holzapfeli Tschern., Pseudomartinia, 

artiniopsis, Wellerella, Pugnax, etc. 

Strata with the coral assemblage of horizon P} correspond to the lower part of the strata with the 
Artinskian assemblage of brachiopods, with Spiriferella saranae Vern., Productus stuckenbergi Krot., 
P. pseudoaculeatus Krot., P. orientalis Fredericks, P. ufensis Fredericks, P. gruenewaldti Krot., 
P. uralensis Lich. (= P. uralicus Tschern.), etc. 

A powerful series of limestones, whose deposition lasted throughout the Upper Carboniferous and 
part of the Lower Permian epochs, represents the sediments of one and the same basin with compara- 
tively little varying conditions of habitat yet within definite limits and along definite trends. 

In all probability these circumstances account for the unity of faunas occurring in these series. 
Only a sudden variation of physiographic conditions and the replacement of limestone deposits by 
arenaceous-clayey ones brought about greater changes in the coral fauna. 
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THE CORAL FAUNA OF THE ARENACEOUS-CLAYEY FACIES OF THE UPPER CARBONIFEROUS AND 
LOWER PERMIAN 


The arenaceous-clayey series originally referred to the Artinskian contains a peculiar coral fauna. 
It has been lately established that arenaceous-clayey deposits of the “Artinskian” type are 
distributed not only in the Lower Permian but also in the Upper Carboniferous and even in the upper 
part of the Middle Carboniferous. There is so far no complete and clear idea of the true age of the 
“ Artinskian ” arenaceous-clayey deposits at different parts of the western slope of the Urals, and the 
stratigraphy of these series is still in process of establishment; nevertheless it may be noted that, for 
the southern part of the Northern Urals and the northern part of the Central Urals, say, from the 
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latitude of the Kolva to that of the town of Chusovoy, the dponmecousc eer depo 
than the Lower Permian limestones and are thus of Permian age. = 

Southward, along the Ufa amphitheatre, the gradual substitution of the dimestane facies © 
Lower Permian, Upper Carboniferous and the upper pe of the Middle Sorheuterdes by 
arenaceous-clayey terrigenous facies takes place. ss : 

Still farther southward, to the south of the Ufa plateau fad approximately as far as the latitudi nal “ 
course of the river Belaia, the profile of the Lower Permian and, south of the Belaia, the profile of the 
Lower Permian and the Upper, Middle and parts of the Lower eahonser are gi toone S by 
arenaceous-clayey rocks interbedded with limestones. 

The coral fauna of the arenaceous-clayey series is characterized by the prevalence of small, san 
corals, frequently of irregular form, with an extraordinary development of some features, very variable, 
with indistinct specific characters. Representatives of the genera Tachylasma, Stereolasma, Lytvolasma, 
Lopholasma and others of the family Streptelasmidae, as well as of the genera Amplexus (Amplexocarinia),~ 
Cyathaxonia (Cyathocarinia), Plerophyllum, etc., are frequent. 

E. D. Soshkina points to the presence in the arenaceous-clayey series of two assemblages of a coral 
fauna, an older one with representatives of the family Streptelasmidae, and a younger with dominant 
Plerophyllidae. 

There are so far no data for co- ae with each other the faunas of the arenaceous-clayey and 
limestone facies, but we may point to the fact, mentioned by E. D. Soshkina, that in the Northern — 
Urals, in a profile of the Lower Permian, strata with Wentzelella overlie those including the older assem- 
blage of the fauna of the arenaceous-clayey facies. 
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CONCLUSIONS 


(1) In the Upper Palaeozoic of the Urals seven fairly distinctive coral assemblages may be 
separated (three assemblages in the Middle Carboniferous, two in the limestone facies of the Upper 
Carboniferous and Lower Permian, and two in the arenaceous-clayey facies). 

In many profiles, in particular in the Upper Carboniferous and Lower Permian, corals occur in 
profusion and are remarkable for their good preservation and the small size of the corallites in 
colonies, thus permitting identification of comparatively small portions of the latter. k 

(2) Coral remains are not uniformly distributed throughout the whole profile, and the coral fauna — 
does not immediately allow characterization of the whole section continuously, but only the separate 
parts of it in which the majority of the coral remains are concentrated, thus outlining the assemblages 
of the coral fauna. - 

(3) The coral fauna of the Upper Palaeozoic of the Urals, that of the limestone facies at least, 
represents, beginning with the upper part of the Lower Carboniferous, a fauna developing mainly 
in situ with a very faint influx of foreign forms. The main peculiarities of the Upper Carboniferous __ 
coral fauna existed from the Upper Viséan and the fauna is in the main local, differing considerably | 
from faunas of corresponding age in other regions of the U.S.S.R. and foreign countries. 

The main trends along which the coral fauna of the Urals developed, and its more characteristic 
peculiarities as a whole, are as follows. The profusion and variety of representatives of the genus | 
Caninia present in their largest part the consecutive development of the group of Caninia juddi Thom., 
which was frequent in the upper part of the Lower Carboniferous of the Urals. This peculiarity is 
very sharply expressed in the Upper Palaeozoic fauna of the Urals in comparison, for instance, with 
that of the Donetz and, especially, the Moscow basins. 

Another distinctive feature of the Upper Palaeozoic coral fauna of the Urals is the profusion 
in the Upper Carboniferous and Lower Permian limestone deposits of colonial corals belonging to 
Diphystrotion, Orionastraea, Cystophora, and Thysanophyllum, which give to the fauna a somewhat 
archaic aspect. More highly organized Lonsdaleidae, such as Protowentzelella, Wentzelella and 
Lonsdaleiastraea, constitute but a small part of the fauna and appear here later than in other regions. 
So far no representatives have been found of such genera as Waagenophyllum and Polythecalis. 
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A peculiarity of the Ural fauna in the limestone series is the scarcity of representatives of the family 
Streptelasmidae: by contrast, it is very richly represented in the fauna of the arenaceous-clayey series. 
(4) It has been stated, from the comparison of the coral faunas of the Upper Palaeozoic of the 
Urals with those of other regions of the U.S.S.R. and foreign countries which are closely related: or 
| analogous in age, that in each region the faunas possess peculiarities and have very little in common 
_ with each other with regard to specific composition, while even within the boundaries of any one 
Tegion separate areas occur which differ from one another in the origin-of their fauna. This may be 
~ explained by the fact that corals are closely related to the habitat of the basin in which they live, and 
_ are dependent on it more than are other animals, the physiographical conditions of the basin thus being 
_ of determining importance for the composition and type of the fauna. 
___ Hence, very important conclusions of a technical character may be drawn: (a) the coral fauna is 
_ of relatively little importance for the stratigraphic correlation of profiles of areas of unlike sediments, 
_ any deductions regarding age being possible to the exactness of about a stage. The greater the difference 
_ between deposits, the smaller the accuracy of deductions. (b) On comparing the coral faunas of separate 
_Tegions or districts, the characters of the deposits must be very carefully considered in each profile; 
_ only then may conclusions be drawn as to the correlation of coral faunas in different profiles and 
serious errors be eliminated in using the data secured from the study of the coral faunas. From the 
comparison of the coral faunas of the Middle Carboniferous of the Urals and the Moscow and Donetz 
basins we have learned how little in common have synchronous faunas which lived in basins with 
different physiographic conditions. (c) In contrast, within the boundaries of a region or district 
characterized by the unity of facial conditions, the coral fauna is of one type and holds more steadily 
- throughout the area with the same type of deposits. In such cases not only is the unity of the fauna as a 
whole seen, but also a more or less uniform trend of its development in time within the limits of the 
whole basin. 

Under such conditions, the possibilities of using the coral fauna for correlation are very large, 
and the degree of exactness and accuracy reaches the scale of an horizon or zone (when the coral 
fauna is sufficiently rich and densely distributed in the profile). The importance of the coral fauna 
for local zonal subdivisions is very great. 

(5) The comparison of the coral faunas of various regions with faunas remarkable for their local 
origin, based upon the excessive development of local forms in each fauna and the very small number 
of common species, is mainly reduced to the comparison of the faunas as a whole, most frequently of 
their generic composition and to a lesser degree of groups of species. This implies special care and 
accuracy in assigning a coral to a genus, particularly in cases of a number of closely related genera, 
such as Caninia, Caninophyllum, Bothrophyllum, Timania, or other groups of associated genera. 
Henceforth we need accurate and careful generic diagnoses, while in using the literature available, a 
critical inspection is necessary of all the forms liable to be assigned to a related genus. Only under such 
conditions may one feel free from the wrong interpretation of resemblance or divergencies in coral 
faunas. 

(6) While studying the coral fauna of any region or district characterized by the unity of facies of 
its sediments and, as has been stated, by its unity of type in composition and in the trend and rate of 
development, one must keep to a narrow interpretation of the species and avoid excessive generaliza- 
tions which smooth out the minor stages of development. In studying a trend of development, all 
stages sufficiently well expressed with regard to morphology and chronology must be taxonomically 
noted. 

If these conditions be observed, one may follow the development of any form or group of forms. 
On the other hand, they furnish grounds for determining the faunistic characteristics of a detailed 
stratigraphical profile and of a given area, and consequently for the construction, in combination with 
other groups, of a cumulative biostratigraphic section. 

It must be taken into account that a narrow interpretation of a species puts further limits to the 
possibilities of correlating the faunas of separate regions or districts with other types of profile, and 
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J. M. Epmonps said that the work of the Russian araseeeeete and aiiaeee in the Carboniferous was 
greatly valued by workers in Britain and it was to.be regretted that the authors of this and the previous papers. were 
unable to be present. We had looked forward to informal contact with them and others RAE in contiguous feldin 
and hoped that they would realize that their work was appreciated. 

G. G. DELEPINE, regrettant que M. Gorsky n’ait pu lui-méme nous exposer les résultats de son étude, y reléve en 
particulier son observation que les polypiers ne peuvent guére étre utilisés pour établir d’une maniére sire des corrélations 
quand il y a variation dans les faciés; et aussi la remarque as Eautels au sujet de Ja nécessité de définir trés exactement 
lespéce, plus encore quand il s’agit de coraux. 
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VU. UW. FOPCKUM 


B uactonijee BpeMA KOpaIb us BepxHemameoz0licKUXx oTMOReHMi ZaNaqHOTO cKMOHA 
Ypaua ABIAOTCA OTHO m3 HaMOonee W3y4eHHBIX rpyum, comepHuyad B 9TOM OTHOMeHUH 
¢ opamunudepamu u 6paxuonojamn. 


- KOPAMNOBBIE 30HbI B PASPESE BEPXHEFO NMANEO30A YPASIA 
. 
| 


2. HKOPAJIJIOBAA DAYHA CPEJHETO KAPBOHA 


A. O0Onmas xapartrepuctuna tayHer 


_ Kopansosaa dayna cpequero KapOona, xoTA M UpescTaBaseT co6ow JanbHelimui Tan 
| *~pasBUTHA KOpaTIOBO dayHEI BepxXHeli uacTM HMKHeETO KapOoHa, OOMamaeT, OHAKO, erKO 
YAIOBUMEIMU OCOOeCHHOCTAMM, NO3BOJIAIONIMMM OTYCTIMBO pasIMGaTb stu jBe PayHbI [pyr oT 
mpyra. Jina dayHbl KopamI0B cpeqHero KapOoHa B WesOM 10 CpaBHeHMio C HuKHeKAMeH- 
HOYOJbHOH KOpamOBOl ayHOli MO?KHO OTMeTMTL cuefyiommMe ocodeHHoctu. B cpegue- 
KaMeHHOYTOJbHOM hayHe OTCYTCTBYIOT CTOJIb XapaKTepHble WIA HMKHeETO KapOona, poy, 
Kak Palaeosmilia, Dibunophyllum ; Wpyrue BorpeuaiorcaA B Be eAUHMIHEIX peqKUx opm — 
Kak Haupumep Lithostrotion — upesppriaiino uacToO BCTpeyaloMMiica B HMKHeEM KapOOHe. 
CopepieHHO OTCYTCTBYIOT xXapaKTepHble JIA HuKHerTO Kap6oHa rpyuun Lonsdaleia 
floriformis Mart. mu Lonsdaleia duplicata Mart. wu MHOrue xapakTepHble [JIA HuyKHeETO KapOoHa 
BuBIpoToB Caninia, Koninckophyllum, Diphyphyllum, Zaphrentis u pp. 

YcuseHHO pasBuBaloTcA B CpefqHeM KapOoHe HEKOTOPhle PpyMMbl BUOB U pola, WOABHBIIMeCA 
ellje B HU;KHeEM KapOoHe, HO He MMeBIUIMe OOUbUIOTO 38HAYeHMA B COCTABe HM*KHEKAMCHHOYTOJIbHON 
ayHpt. Takospa rpyliia HWKHeEKAaMeHHOYrOJbHOrO Bua Canimia juddi Thom., poga Fischerina, 
Corwenia uw ocobeHHo pox Bothrophyllum, asnatomuiica eyBa IM He CaMbIM paciipocrpaHeHHEIM 
poyoM cpeaM cpeqHeKaMeHHOYLOJIbHEIX KOpasmI0B CCCP. 

Jima cpequHero KapOoHa Ypasa xapakTepHo Take OOMIMe BUOB poga Canima, comepHu- 
yaioulero 10 pacipocrpaHeHHocru c pogom Bothrophyllum. Haxkonen, HoBEIMM (dopmamn, 
pasBuBalolMMucHh B cpeqHem KapOoHe, sBasiorca Multithecopora, Timama, Pseudotomama, 
Lithostrotionella, Cystophora (Ha Ypaune orcyrersyiomasn), Lytvophyllum, Koninckophyllum, 
Lophophyllidium. 

Hecmorpa Ha TakMe KpylHble pasJIMaA Me?Ky HMAKHe- UM CpeqHeKAMeHHOYTOJbHBIM 
(bayHaMu KOpad0B B TO Me BpeMA TeHeTMUeCKAH CBA3b UX [pyr ¢ ApyroM BnoOTHe ACHA 
WU cpeqHeKkaMeHHOYrosbHaAd (ayHa MpeycraBAeT COO! JMIMIb JabHeliMMi oral B pasBuTun 
KOpasIoBol dayHbI HUAtHeroO KapOoHa. TecHaAd pOWCTBeHHaA CBA3b Me*Ky yRKasaHHBIMU 
(bayHaMu CKasbIBAeTCA He TOKO B HaJIMGMM OOMIMX POFOB, HO M B TOM, Y¥TO TOABMBIIMeCA 
B CpeyH#eM KapOoHe HOBHIe POPMbL MMeIOT CBOMX IpeKOB B HUHKHCKAMCHHOYTOIBHBIX BMAX 
W poyax. 


Bb. Vismenenua uw paspurue cpeqHeKaMeHHOYrOJbHOl KOpadIOBOl dayHl 


Tlocmorpum Terepb HeCKO.IbKO Gosee JeTaIbHO (ayHy KOpaNOB cpeyuero KapOoHa C TOURM 
3penua ee 1) UW3MeHeHMA BO BpeMeHM B Ipefemax cpefHero KapOoua u 1) MBaMeHeHMA ee B Ipo- 
erpaHcTBe B Ipeyesax sanaqnoro cKm0Ha Ypasa. Hekoroppie momosKeHuA, KOTOpbIe MOryT 
OBITh YCTAHOBeHBI B pesyTbTaTe TAaKOTO paccMOTpeHMA MOMOTYT HaM YACHUTS CTpaTury pagu- 


qecKhoe 3HaveHMe KOpaJJIOB. 
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a » Ucranosmmen H€CKOJIBKO Hnpowaee’ Ha arya mage’ ‘pationon, avititenetotta 
‘Hycoscnoro u BamsupceKoro, 160 w3 sTHx palioHOB onMcaHo NOfaBAIoMee 60nB 
KOpas0B cpequero KapOona. B Kopasmoperx dayHax oOoux palioHoB MMeeTCA T10° HeCKOJI 
mpemcrapurestetti poxos Chaetetes, Caninia, Bothrophyllum, Campophyllum, Koninckophyllum 
oOmjmuMu Ke powaMu, HO mMpey{craBseHHEMu CIMHMTHEIMM TIpeycraBuTesAMM ABILAIOTC 
Pseudotimania, Lophophyllidium, Lithostrotion, Lithostrotionella, Lytvophyllum, Corwenia (Poa 
Lytvophyllum ycranonnen T. A. JJo6pomo6onoit qua KOpam0B MO_OOHEIX Thysanophyllum, x HO 
oOmagqaiommux cTromwOMKOM). 

Toapxo B KusenoscKo-Uycoscnom serpeyen pox Hapsiphyllum, toubKo B Batikupckom _ 
pona — Multithecopora, Cladochonus, Zaphrentis, Lophophyllum, Arachnolasma, Fischerina, Oriona- 
_ straea, Dibunophyllum (?). . 

Tlosyuaerca, aro m0 poxoBomy cocrapy dayHa Bammupuu snaumresbHo Ooraye. I[Ipapya, 
HajlO Ip sTOM YYECTL, ITO NepeywicNeHHbIe posa MpefcTaBAeHsI B OOJIbINMHCTBe OHUM BUOM 
WM HEMHOTMMM UJIM Jake CA MHVUMEIMM DK3eMILIApAaMM MU MOABIeHMe UM OTCYTCTBMe UX B CIMCKe 
MOMKET B 3HAYMTEIbHOM CTeMeHU BaBUCeTb OT CLyualiHocTel cOopa. - 

Enje 6omee KpynHEe pasiMamA HaOOqaloTcAH B BUyOBOM cocTaBe. Tak, B OallKUpcKol 
(bayHe coBepmieHHO He OOHapy7KeHa CcBOeOOpasHad Tpyntla MeIKUX KaHMHMi (rpyuua Canima 
trinae Gorsky), mMpoko paciipocrpaHeHHad B HM3ax cpegqHero KapOoHa Husen0BcKo- 
Uycosckoro paitona. Takase orcyrcrByer rpyuma Caninia remotetabulata Gorsky, cxoiict- 
BeHHant Huserospcko-Uycopckomy palioHy, HO 3aTO B OOJIbIIOM KOJIMYeCTBe BK3eMIIIAPOB — 
WU HeCKOJIBKUMM BUyaMM peycraBneHa rpymua Caninia nalivkint Gorsky, oTcyTcTByroman 
B Kusenoscxo-Uycosckom paiione. OOdujum Bugom pofa Canima, Ooraro mpexqcTaBseHHOroO 
B TO U Apyrou rpymme, ABIAeTCA eqMHCTBeHHEIM Buy Caninia ae Gorsky. 

BropsiM CyMecTBeHHEIM OTIMUNeM ABIIACTCH HesHadMTeI_HOe KOMMYeCTBO Mpe_cTaBurestelt 
poga Bothrophyllum B OamKupcKoH dayHe, Torga Kak B HusenoscKko-Uycosckom paiione 
OHM BCTPewalOTCA BO MHOMKeECTBe MH 0 BUAOBOMY CocTaBy Tropa3qo pasHoodpasHee. 

TpeTbuM OTIIMUMeM CIyRUT pacpocTpaHeHue B OalliKUpcCKOl d@ayHe HeouMcaHoro MoApora, 
He BCTpeyeHHOTO B HusemoscKo-Uycopckom paiione, a TaKsKe BeCbMa 4acTOe pacipocrpa- 
HeHve B OalmKupcKol dayne Lytvophyllum tschernovi Soschk. var. nov. — peykoro B Huseno0BcKo- 
Uycosckom paiioue. 

OTH CYMIECTBEHHBIC pasIMIWA B POAOBOM UM BUOBOM CocTaBe (ayHbI, KpoOMe csryualinocrelt 
M HecOBepleHcTBa COOpa, MMeIOINIUX 3HAYeHMe JIMINb IIA peKUX POROB U BUOB, OObACHAeTCA : 
1) HecuHxponmuHoctTEio Tol u Apyroli d@ayHE u 2) pasumanem daMasbHErx ycuOBuit. 

Hecuuxponnanoctp ayn felicrpurembHo wmeet mecto. Handomee Harmagqnoe BiaMAHMe 
qaHHoro dakTopa MOMKHO HaOOFaTb aHasMsupyA dbayHy HuKHeM uacTM cpefHerO KapOona 
Bammupuu u Kusenoscro-Uycoscroro paiiona. Cpequuii kap6on Bameupun pasyemserca 
Ha Tpu cpure C3, C} u C$; cpequuit kap6on KusenoscKo-Uycoscroro paiiona Takae Ha 
Tpu cBurst— Cd, CZ u C3. Oru cBuTer He CMHXPOHWUHEL. 

Cambie Hu3bI OalmKupcKOro cpeqHero Kap6oHa orcytcTrBywr B HKusenoscKo-UyconcKom 
palione, a xopomo pasBuTbe uM OoraTBe KOpassamu OamKupcKue cou (ropusonT C3) 
NOBUAMMOMY JIMMIb YacTMYHO MMeIOT aHaJOroB B HumHeli cBute (C3) cpeqnero KapOona 
RKusenoscko-Uycoscxoro paitiona. Unsmm copamu B OanimkupcKom paspese cpequero KapOona 
uMeeTCA YacTh paspesa Oosee [peBHAA, 4eM B paspese HusenoBcKo-Uycoscroro paiiona. 

Ilopuzumomy, Tum OOCTOATeIECTBOM MO?KHO OTUACTH OOLACHUTE passMae B COCTaBe PayHEt 
KOpaJJIOB, € UMeHHO pucyrTcTBue B OallkUpcKO dayne Takux popoB, Kak Dibunophyllum 
(equHanBI oKBemiLAp), Fischerina, RPyNHbIe OTIMINA B BUOBOM CocTaBe poya Campophyllum, 
Ooubmee aucrO HaxogoK Lithostrotion, cOBOM YepTH apxaw4HocTu B dayne, MOKAsEIBAIOIIMe 
OIM30CTh K HWPKHEKAMCHHOYIONbHOU dayHe. 

Oquako, OObACHeHMe HeCMHXPOHW4HOCTHIO He NOAXOLUT, KOA MBI cpaBHUBaem dayHBI 
BepXHUX wacTeli paspe3a NOBMAMMOMy CMHXPOHMYHEIX 110 BpeMeHM cBOero OOpas0BaHMA. 
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Ilpasaza, -OCTATKU KOpaJJIOB MOTIIM OBIT coOpaHEt He U3 BILOJIHe OTHOBPCMeCHHBIX TOPM30HTOB, 
HO WM B OTOM cuyaae OCTAaIOTCA H€MOHATHLIMUM TaKe OTJIM4MA, Kak HeOObMI0e 4MOIO iipeycta- 


BuTeneH poga Bothrophyllum B OallkupcKow dayne, OveHb KPyNHEIe pasmmaMA B BUOBOM 
_ cocTaBe poya Caninia u pasumama B poqOBOM cocraBe. 


YuRasaHHble pasimuA B dayne KopasI0B 10 Bceit BepOATHOCTH Halo OOBACHUTE He 
| B8aMMHOU HeCHHXPOHMGHOCTbIO KOpasOBLIX ayH, a pasMGMAMM darMamDHEIx ycuoBuit, 
_ CHasaBIMMUCA Ha XapakTepe mopoy. Bech paspes cpegquero KapOona Bamrmupuu, umes 
8B Buy palion cOopa Kopamm0Bol dayHEl, UpeycraBlen wcKmOUMTeIBHO KapOoHAaTHBMU 
TOpOtaMU, B OCHOBHOM COCTOAIIMMM M3 YMCTIX U3BECTHAKOB, B TO Bpema Kak B Husen0BCKO- 
Uycopckom paiione sHaunrembHan uacrh paspesa (}-4) cocrour u3 TOpoy, CO 8HAYMTeILHOM 
TIpMMecbio TeppMreHHOTO MaTepMasla MIM me WeMKOM us Hero. Cioqa OTHOCATCA TOpOsEI 
_ cpurst C5, — mMepresm, ruMHUCTEIe CIAaHUBL, WeCYaHUKM, TIMHMCTEe CAHIE Mt T.L. 
PaccmoTpuM MsMeHeHMA KOpasMoBol dayHbI B TIpememax cpezHero KapOoHa m0 pationam 
_ Kusesoscxo-Uycoscromy u Banrupcromy. 


B Husesoscro-Uycosckom paiione Kopatiosan dayHa HueHero ropuszouta (C}) 
_XapakTepu3yertcA HawMaweM TpyMlbl MeIKUX KaHuHM (rpyuma Caninia wrinae Gorsky), 
MAaJIOUNCJICHHOCTbIO M peKOCTbIO Upeycrapureneii pona Bothrophyllum, snaunresibHbM 
pactipocrpanenuem pogza Campophyllum u nosBaeHuem HOBOrO poga u rpynust Koninckophyllum 
riphacicum Gorsky, oTmmaaiomeiicA MpocToToit crpoeHuA TeHTpambHO 30HEI. 

B cpequem ropusonte (C3) mpoucxogur sHauNTembHOe COKpaleHwe MeTKUX KaHWHUi NOUN 
0 TOTHOTO UcyesHOBeHMA pM COOTBeETCTBEHHOM yBeJIMYeHUM pacipocrpaHeHuA poma 
Bothrophyllum ; mpoyomu#aer pasBuBaTeca rpynuna Koninckophyllum riphaeicum Gorsky 
M TOABIAIOTCA HEMHOFOUMCICHHBIC KOJIOHMAIbHBIe KOpaJ Jbl, MpMHapekKaliu“e K pofaM 
Inthostrotionella u Lytvophyllum. 


Jj BepxHero ropusonta (C3) xapakrepHo oOuaue mpeycrasurenett poga Bothrophyllum, 
WacTO TlepelOJHAIOMMX U3BeECTHAK UM pa3sHOOOpasHEIX B BUOBOM OTHOLIeEHMM, NpucyTcTBue 
KPYNHBIX KAaHMHM, COCTaBIIAIONJUX YaCTb JMHUM pasBUTMA OT HWKHeKAMeCHHOYTOJLHOM 
Camnia juddi Thom. #. rpynne Canina kokscharowi Stuck., us06usmyromeli B BepxHe- 
KaMCHHOYTOJbHEIX M HWPKHEIePMCKUX W38BECTHAKAX 38alaqmoro cKsI0HAa Ypaua. 


Bamkupckuit cpequuit kKapOou TaKme pasyeseH Ha Tpu ropusouTa. Humuuit ropusonr C3 — 
KOTOpHIit MOsKeT OBITh WavKe YACTHYHO OTHOCUTCA K HaMIOpcKOMY Apycy, OefeH ocTaTKaMu 
KOpassos. Cpeguuit ropusont (C5), wim OalliKUpcKUB COM, OONaqaeT Ooraroii KOpamIOBOl 
dbaynou. B srom ropusontre nmoABIAIOTCA u3 Tadynar poga Multethecopora u Cladochonus, 
U3 pyro3 NOABJIAeTCH HOBBIi pow (CM. BbINJe MHOTOUMCIeHHEIe BUAL poga Campophyllum 
(ocoOeHHO xapaKTepeH opuruHasmbHEi Campophyllum contortulum Gorsky), HoBoro no_poma 
ykKasanoro na cr. 54, mu pasHoobpasHEe pofa KOMOHMAIIbHBIX KOpamm0B — Frscherina, 
Lithostrotion, Orionastraea, Lathostrotionella, Lytvophyllum, UpeycraBieHHErx OfHaKO, 3a 
UcKIO“eHMeM NoOcseqHerO pO, HeOONLIIMM KONMUeCTBOM DKB8eMUMApOB. Bepxusas cpura (C5) 
XapakrTepusyerca NoxABeHuem rpynuE Caninia nalivkin Gorsky, HeOoubmioro KomMueCTBa 
aKsemiapos Bothrophyllum, pona Kionophyllum, pacuperom HOBOrO ToApoya KoTOpEIt OBIT 
yme yRasan ua cr. 54. 


B. Bosmomnocru cpasnenua Kopasio0Bol (ayHBl cpeqHero KapOona Ypauta 
© coOoTBeTCTByIONIUuMU PayHamM Jpyrux oosacreli 


Momer BOSHUKHYTh BOpoc — ecm KOpamnoBad ibayHa cpeqHero KapOoHa Ypasa Tak 
CUNbHO OTIMIAeTCH [pyr OT Apyra B paiionax, pacmonoMeHHEIX Ha VYpase, TO Opirh MosteT 
pasmuuue mempy dayHama Ypawa mu ppyrux oOmacteli HaCTONbRKO BeIMKO, YTO HUKAKoOe 
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cpaBHeHue Mey HuMu HeBosMomHO. Vu cOBaMM, He ABUIAeTCA JM tbayHa Vpasa aero 
MecTHOM uM HenpuroyqHOi AMA KaKux-mM00 crpaTurpapmyeckux uM masteoreorpaduseckux 
TOCTpoOeHMit BEIXOAAMIMX Ba IpepesE BaraqHOrO cKIOHAa Ypaia. a 

Jiu peteHuA sToro Bompoca Hayo cpaBHUTS ypasbcKy1o dayHy ¢ apyruMu, up ywem 
MarepMasaMM JI CpaBHeHuA MoryT carymuTh smb Tlogmockosnsrit u oraacru Jlonerxuit 
OacceliHbl M WO HeKOTOpOH ecrenenu Kuraii, u00 qua _pyrux baonts KOpassoBad dayHa 
cpefHero KapOoHa TOUT COBepuIeHHO He u3syyeHa. 

Cpasnupad ypasberyio dayHy C MOAMOCKOBHOM MpuUxXO_UM K CJleAyIOU[MM TOJ0eKeHMAM. 
Ypampckan haya m0 pomoBomy cocTaBy sHauuTesbHO Goraye — 24 poga upotus 17. 

Oomumu popamu saBasiorca:  Chaetetes, Bothrophyllum, Campophyllum, Dibunophyllum, 
Lithostrotionella. B niopmockoBnoi cayHe XapakTepHo OOMIMe KOJOHMAIbHEIX KOpasWIOB 
wu tpeycrasurestelt pona Bothrophyllum, rorqa KaK B YpaIbCKOM KOJOHMAIIbHbIe KOPasIIbl 
BCTpewalorcA pemkO, 3a ucKmoueHMem Lytvophyllum, Kcrarm coBepuieHHO OTCYTCTBYOUIerO — 
B TOAMOCKOBHOM dayHe. Jlanee u3 MOAMOCKOBHOTO cpefHero KapOoHa He MpMBO_UTCA HU 
omHoro Bua Caninia, TOrWa Kak Ha Ypade BULI STOTO pOfa MHOTOUMCIEHHEI MU pasHooOpasHEl. 
IIpapaa, 3qecb BOSMOKHO, UTO BTO OOCTOATETBCTBO 3aBUCHT OT pasIMYHOrO NOHMMAHMA OObeMAa 
poga Caninia y apropos, HO BO BCAKOM CJty4ae COMM OO1MK MayHEI B Macce COopoB jWIA TOM 
Apyrolt oOnacTu pasmmuen. 

CueqyeT Ipuw3HaTb, 4YTO XOTA ypaJbcKMe cCpefHeKaMeHHOYIOJIbHBIe KOpaJIbl XOpoOmo 
XapakTepu3yIOT BOSPACT OTCIbHEIX TOPM3OHTOB (KaK M MOMOCKOBHEIe), TO TEM He MeHee MTA 
MU jpyran KopasMOBaA MayHb! ABIAIOTCH CBOeOOpasHEIMM, MMeIONIMMM CpaBHUTeIbHO MaJO 
CXORCTBAa MevKTYy cOOOl, XOTA 00€ HECOMHEHHO ABJIAIOTCA CpeHeKAMCHHOYTOJIBHBIMH. . 

B ypaspexon dayne HabsioqaeTcA ABHBIt OTIeYATOK pOACTBA C ypaJbCKOl se HWKHEKAMEH- 
HOYPOJbHOK ayHo 10 WMHMM pozoB Chaetetes, Cladochonus, Amplexus, Hapsiphyllum, Zaphrentis, 
Caninia, Bothrophyllum, Campophyllum, Lophophyllum, Koninckophyllum, Lnthostrotion, Dibuno- 
phyllum. ; 

CpaBHuBaA ypaJibcKylo P@ayHy C MOHENKOL, TaksxKe MOAMHO KOHCTATUPOBATh CpaBHUTeIbHO 
O4eHb HEOOMbIUOe CXOACTBO, IPMMePHO Takoe me, KAK C MOAMOCKOBHOL PayHol, WIM Aaske emje 
MeHbile. Takskte Kak WM CXOACTBO MCKTY KOPATIOBLIMU PayHaMM JOHENKOM u MOAMOCKOBHOI. 
Tak B jOHeIKOM tayHe, pu BCeM ee pasHOOOpasuu, BCTpeyeHB! Mb 4 Bua OOMMX 
C MOJMOCKOBHEIM OacceiiHoOM, B ypaibcKoli dayHe BUOB OOM[MX C MOAMOCKOBHO dayHoit 6). 
Kpome toro u m0 oOmemy cocraBy WOHeENKAA (tayHa OTAMYAeTCA OT ypaBcKOit Oon_UIMM 
KOUMYECTBOM KOJIOHMAIBHBIX KOPaILWJIOB, pasHoodOpasveM OMMHOUHEIX KOPAaTIOB CO cTouOMKOM, 
cpeqM KOTOpBIX YCTaHOBJIeHO MHOTO HOBBIX pOJOB, HeOOJIBINMM KOJIM¥eCTBOM M MaJIbIM 
pasHooOpasvem KaHunuit. 

C xuraticnoli dayHoit ypambckaa umeer oOmux 5 Buyos. Wurepecno ormeruTb, ¥To B 
KuTalickol PayHe peAKU MWpeAcTaBUTeIM TAaKOTO XapakTepHOrO AIA CpeqHero KapOona poma, 
Kak Bothrophyllum, 10 B TO *e BpeMA B KuTaiicKOl dayne, KAK UW B ypabEcKoili, IIpucytTcTByetT 
rpyuma cBoeodpasnnrx Koninckophyllum co cabo BEIpayKeHHBIM CTOMOMAOM. 

Rparkoe cpapHenue cpeqnekaMeHHOYyroJIbHBIxX (hay yerpipex OOsacreit (Vpaa, Hoymoc- 
KOBHBIT Oaccelin, Jonenkuii Oacceith, Kuraii) noKaspBaer, ¥rO KOpammOBaA dayHa KamKpolt 
OO1aCTH OTIMGACTCH BHAYMTeIbHEIM pasHOOOpasueM pM MasOM KOJIMUeCTBE OOMIMX BUOB 
H YTO MOSTOMY cpasnusamo amu PayHoi mencOy CO60I0 MOdICHO MOAvKO 6 OOWeM Bude. 

Ecsm se B8ATb KOpamoBylo dayHy Kako-sMO0li oOmacru m MpoanammaupeBaTh ee m0 
cTpaTurpapuyeckKMM POpM3s0HTaM, TO HeTpyfHO yOequTECA, YO (ayHA KayKOTO U3 TOPUBOHTOB 
(ecam OHA MMeeTCA B flOCTAaTOUHOM KOMMYeCTBe) OOaqaer XapakTepHBIMU OCOOeHHOCTAMM 
OCTATOYHO OTUCTIMBO BbEIPAKeHHBIMM.  OTO OOCTOATeIBCTBO BacTaBAeT TMpw3HaTb, 4TO 
KOpaJbl, (B Cryuae WX TOCTATOYHOLO paciipoOCcTpaHeHUA) ABIIAIOTCA HaesKHbIMM WOKAZaTesAMM 
B cTrparurpadun, UpuroqupMM aA dayHucruyeckoit xapakrepucruKu  jpoOHBIX 
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erpaTurpapuyeckux mo_pasyenenmit, HO B Gomee mam MeHee yaKux peferax OjHOTO 
TeONOrM4ecKOro paliona, ¢ OJHUMM M TeMu Ake (PANMATLHIMM YCOBUAMM. — : 


3. KOPAJWJIOBAA ®AYHA U3BECTHAKOB BEPXHETO KAPBOHA UM HIWKHEM 
TIEPMU 


Ha samaquom ckaone Cesepnoro u uvacruuno Cpequero Ypana, ua Ybumcnom umaro u wa 


-HeROTOpOH “acTM sallagqHOro CKIIOHA IOVKHOTO Ypasa Ha CpeqHeKaMeCHHOYTOJIBHBIX OTJIO7KCHUAX 


saeraeT MOWMHAA TOJIMa U3BECTHAKOB, paHee OTHOCMBIMAACH esMKOM K BepxHemy KapOony. 
B nacTosiee BpeMA BepXHAA TOOBMHAa dTOH TOU, HaMHaA Cc TOABIeHMA Parafusulina 
lutugint Schellw., ornocurca Kk HumKHett MepMu. * 

Oopadoran Marepuad 10 KOpamm0BO dbayHe U3BeCTHAKOBOTO BepXHero KapOona uM HUKHELt 
HepMMU JIA TpoMayHoro MpocrpaHcTBa 3allaqHorocKi0oHa Ypana oT paBbixX MpuTOKOB 
p. Heyopst (Hoguepem, Ilyrop u gp.) u qo mmpors Crepauramaxa. . 

Cpasnupan Bech oToT OombMOM MaTepmad, IperHye BCero Opocaerca B raza eMHCTBO PayHBl, 
CKasbiBalolleecA He TOJIbKO B POJOBOM CocTaBe, HO HM B .OY¥eHb OObIIOM KOTMYeCTBe OOMUX 
BuyoB. Tak, BugbI poxoB Orionasiraea, Cystophora, Tschussowskenia, Thysanophyllum, 
Wenizelella, Lonsdaleiastraea, ycranosmenunie T. A. Jlo6pomobonoit, Ormm BCTpeyeHEI BO BCeX 
ayHax. . 

M3 cpapnenua janHerx 10 Kusenosckomy pationy, Ypumckomy usaro u Crepauramary 
OKAa3bIBAeTCA, TO KOMIJICKCEI KOpaNOBOl MayHbl, ycTaHOBMeHHbIe Bieppple T. A. 


_ Hodpomobonot yaa Vdumcnoro nmaro, oveHb yNOpHO M OTYeTIMBO BbIfepsRuUBAWTCA MU B 


pyrux paiionax paciipocrpaHeHuA U3sBeCTHAKOBOM TOM BepXHero KapOOHa UM HWKHeli LepMu. 
Hanomuum, utro T. A. Jlodposmobosoli Hameyasnmuch Ceqyloujue yYeTEIPe TOpus0HTa :— 


1) Camprt HuvKHMii c OOwsIMeM MaccuBHEIxX nOTumHAKOB Thysanophyllum perpastum Dobr. 
T. cystosum Dobr., Campophyllum cf. amplexoides Stuck. Mompocts oxom0 44 M. 
2) Benue unyr uspecrHaKku c Orionastraea campophylloides Dobr. Cystophora biseptata Dobr. 
mu BcemMu Buyamu pona Thysanophyllum, 3a uckmio4eHuemM TunMaHErx T’. perpastum Dobr. 
Mowpocrs 124-130 m. 
3) Bsnue saneraior w3BecTHAKM CO BCeMM BUAaMM porta Orionastraea, upu4em O. campophylloides 
Dobr. u Cystophora biseptata Dobr. Betpeyaiorca peme, YeM B HuAKeJemalllem TOpPMs0HTe. 
Mommocrs onos0 140 m. 
4) Bepxuuit ropusonT xapaKrepusyerca Cystophora wischeriana Stuck. u npeycrapure AMT 
poga Protolonsdaleiastraea. 


K eme 6ouee Bercoxum cioam T. A. Jlo6pomo60Ba orHocut usBectuanu c Lonsdaleiastraea. 

Ecam ykasaHHyi0 10ceqOBaTeIbHOCTS FOPU3ZOHTOB NOMpOOOBaTh CpaBHUTh C pactipesemenuem 
dbayHpt Kopamion B HusemoscKom paiione, TO HeTpyqHO yOequTbCA, 4TO [Ba HWKHUX 
ropuzonta T. A. Jlo6pomo60noit, u3 KOTOpEIX CaMBIit HusKHMit 10 OéqHOCTM *ayHBI He MMeeT 
CAMOCTOATeIBHOTO 3HAYeHMA 110 cocTaBy (ayHEI MW WO MONHOCTM OTBeyaIoT ropus0HTy CF 
Kusenoscroro paiiona.t B camom jese, B ropusonre C3 Husesoscnoro paitona Opin 
Berpesenst: Caninia longisepta Greck., CO. sp. nov., C. vernewili Stuck. var. nov., Timana 
schmidti Stuck., T. schmidti Stuck. var. nov., Campophyllum schrenki Stuck., a w3 KOJOHMAIbBHBIX 
Kopa.10B — Lithostrotionella (2) sp. nov., Tschussowskenia captiosa Dobr., Cystophora biseptata Dobr., 
Thysanophyllum perpastum Dobr., T'. aseptatum Dobr. var. nov., T. cystosum Dobr., 7. cystosum var. 
major Dobr., Carcinophyllum indigae Stuck. 


* JI. M. Paysep-Uepnoyconoit rpanuia nepMa upuuuMaetca ume To, cuoamm Pseudofusulina anderssont Schellw. 
B. E. Py:xenijop oTsocur K HepMM ellie Gouee HUSHCHe TOpH30HTH C NceByOMBarepMHaMit. 

+ Topnsonr C4 us Kopasmopolt baynst uMeer muh Cyathaxonia sp. Caninia kokscharowit Stuck. var. ischussowens?s 
Greck., Lophophyllum sp. nostoMy He Mo;KeT cUMTATHCs HOCTaTOHO OXApAKTepusoBaHHBIM TO KopadoBoit jayne.’ B 
paspesax T. A. Jlodpomobonoi nmHKeTeKal{Me MaBeCTHAKM TAKIKe ObIIM OeAHEI KOpastTaMy. 
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TacTb paapenn ee asleo30A sianeaonecgte ney sis Se Gorara Ko 
WM COCTAB KOpaTNOBOM PayHbI BIOIHE OTBETaAeT Sopris) yrasaHHpm T. A. Lo6po06 
IAL e€ TpeTbero TOpusZ0HTa. 

CrmcokK KoOpadI0B AIA HuKHel aacTu ropusoura Pis Kusesopckom paiione caeqyiomm 
Sinophyllum sp. nov., S. sp., Laccophyllum sp. nov., Caninia cf. kokscharowi Stuck., C. kokscharowt 
Stuck. var. nov., 0. lonsdalei Keys., O. sp. nov., O. vernewilt Stuck., C. mylensis Stuck., C. sp., Timania 
schmidti Stuck., I’. schmidti Stuck. var. nov., Diphystrotion spp. nov., Lathostrotion (?) sp., 
Orionastraea campophylloides Dobr., O. stuckenbergi (Gerass.), O. solida Stuck., O. solida Stuck. var. _ 
nov., O. breviseptata Dobr., O. breviseptata Dobr. var. nov., Lithostrotionella sp. nov., L. (?) sp. nov., 
Tschussowskenia captiosa Dobr., Cystophora biseptata Dobr. var. nov., C. (?) sp. nov., C. monoseptata 
Dobr., C. monoseptata var. 2 Dobr., OC. cf. monoseptata var. 3 Dobr., C. monoseptata var. 4 Dobr., 
C. monoseptata Dobr. varr. nov., C. wischeriana (Stuck.), C. wischeriana (Stuck.) var. nov., C. sp. NOv.; | 
Thysanophyllum aseptatum Dobr., T. aseptatum Dobr. var. nov., T. cystosum Dobr., T. cystosum 
var. major Dobr., Pepin enteaia sp. nov., Wentzelella spp. nov., Lonsdaleiastraea (?) convplexa Dobr. 

Tlopuyumomy uersepTHtii ropuHout, BEifenenuEi T. A. JloOpomobonoit TaKme monmayaer 
B Ipeyeas ropusontra P} Husenoscroro pationa, cyqA 10 Haxo*KeHMio B JaHHOM TOpus0HTe 
Cystophora wischeriana (Stuck.). 

Takum 00pasoM, M3-IpuBefeHHOrO KparkKOro cpaBHeHUA PayHHI, MOAKHO BUCTh OMHOTMMHOCTH — 
KOpasWIOBO ays BepXHerameos0licKoi usBeCTHAKOBOM TOmMmM YdpumcKoro msarTo 
u KusenopcKoro paiioua, Ipwuem COxXpaHHxerca He TOUbKO equHbIii TUN PayHbI, HO M BOspacTHaA | 
TOCEFOBATEbHOCTh KOMIJIEKCOB OCTACTCA OAMHAKOBON. 

MosKHO, culeqOBaTesIbHO, KOHCTATMpOBaTb, 4YTO Ha TpOMaHOM TIpoTAKeHMM s3allayHOTO 
cKI0Ha Ypasa, rye UMeIOT pasiipocTtpaHeHMe USBeCTHAKM BepXHero KapOoHa UM Huei NepMu 
pacipocrpaHeHa OfHOTUNHAA (bayHa KOpaTIOB, cpequ KOTOpOi HaMewaeTCAH [Ba XOpOIO 
BbIPA*KCHHIX BOBPACTHEIX KOMIJEKCA. 

Ecau cpaBHuTb ypaJbcKylo dayHy BepXHero KapoOHa H HUPKHeM LepMU C COOTBETCTBYIOMUMI 
ayHamu _pyrux paitonop CCCP uau sapyOexHEIx cTpaH, TO, KaK U JIA CpeqHeKaMeHHOy- 
TOJMbHOU PAayHEI, OKAKETCH OUCH, MaJIO CXOACTBA. 

YcuOBMA A cpaBHenua c IloqmockosHEm Oacceithom HeOarompuaATHH, 400 B He M MBI 
UMeeM KOpasIOBEIe (ayHEI B HUZAX BepxXHero KapOona, B TO BpeMA, KaK Ha Vpase KOpam0BaA 
cayHa NpoMcxog_uT u3 BepxHeii yacTu BepxHero KapOOHa UM HUKHeil MepMM. 

B Jlonenxom GOacceiine no B. J. Domuuesy (10) kopamaoBaa dayHa Mpoucxoy_UT Take UB 
CpaBHUTeIbHO HU3KUX TOPM30HTOB BepXHero KapOoHa Up 9TOM OAMHOUHBIe KOPAaJJIbI BCE 
OIMCaHBE KaK HOBBIC BUH, A U3 KOMOHMAIbHBIX QOpM yYyKasEIBaloTcA sauMIb Polythecales 
u Lonsdaleiastraea, ip 4eM “3 3aBe]]OMO BepxHero KapOona (cBurta 0). 

CamapckKas JryKa TaKyKe He NOAXO_uT WIA cpaBHeHua, u00 ropusoHTH! Camapcroi JlyKu 
¢ KOpasiamMm Oouee ApeBHMe, YeEM KOPAJTOBLIC TOPUZOHTHE Ypasa uM WelicrBuTeibHO OOMMMM 
BUaMU ABIAIOTCA aumIb Canina lonsdalei Keys. u C. verneuile Stuck. 

Us coorsercrayiommux dayH sapyOeHEIX CTpaH HeKOTOPHIe YepTHI CXO]CTBA B POOBOM 
cocTaBe MO?KHO HaMeTUTB Cc NepMcKuMU dayHamu Kura, HO uw OOmMit THN dayHE M BUOBOL 
coctas YpaibcKol dayHE u KuraiicKoii umeror Mano oOmero, 4ro NOBM;MMOMYy OObACHAeTCA 
Oouee MOJOTbIM BOBspacTOM KuTalicKOll dayHbI M UpMHa_TemHOCTbIO ee K Apyroii 30oreo- 
rpaduyeckol mpoBnnnun. : 

Ropas0Berit KomnmeKc ropuacuta C3 coorBercrBye T IpMMepHO 30HE C TCeBAOMIBarepunaMM. 
Caenyionwwit KOpaOBEi KOMIIIeKC HWKHeMepMCKMM OTBeYaeT Hu3amM B0HBI Cc Parafusulina 
lutugint Schellw. (M. 6. 3axBarbiBad uU CcamBle Be pxu 30HbI C Pseudofusulina anderssoni Schellw.). 

Ilo OpaxmomoyaM MpuMepHoO HaMeyaoTCA TakMe me COOTHOMeHUA. CoM Cc KOpaJIOBEIM 
KOMIIIeKCOM ropusonta CZ orBeyaioT HeKOTOpO!i YaCTM paspesa C TAK HASbIBAeMBIM ypaJIbCKUM 
KOMMIeKCOM OpaxnonoqoBoit dayHb, M MMeHHO C HUKHMM MOKOMIIeKCOM, xapak- 
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Tepusyloljumcn OoraToi u pasHooOpasHoit GpaxuonoqoBolt daynoit: Productus genuinus Krot., 
P. kutorgae Krot., P. transversalis Tschern., P. pseudomedusa Tschern., P. jakowlewi Tschern., etc., 
Spirifer lyra Kut., 8. holzapfeli Tschern., Pseudomartinia, Martiniopsis, Wellerella, Pugnaz, etc. 
Cio ¢ KOpaTOBEIM KOMIIeEKCOM ropusouta P} orpeyaer HuAtHeli GACT CIOeB C ApTUHCKUM 
KOMIMIeKCOM OpaxuonoqoBol thaynnt c Spiriferella saranae Vern., Productus stuckenbergi Krot., 
P. pseudoaculeatus Krot., P. orientalis Fredericks, P. ufensis Fredericks, P. gruenewaldti Krot., 
P.uralensis Lich. (= P. wralicus Tschern.), etc. 
- Mompas roma u3specruaKos, orn0meHue KOTOpOIt HpOWOWKAIOCh B TeYeHMe BepxXHekaMeH- 
HOYTOJIBHOM M YaCTbIO HUPKHEMEPMCKOM 90x, MpepscraBsner coOoit OcaaKU OFHOTO u TOTO Ke 
 Oaccelina ¢ cpaBHUTeIbHO MasIO W3MeHABINMMMCA ycuOBUAMM oOOmTaHUA (ayHE up TOM 
M3MeCHABIIMMUCA B ONpefeseHHEIX paMKAax MU HallpaBseHUAX. 
Ho sceii BepoaTHocru orumu o6cToATebCTBAaMM OOBACHAeTCA Mm e;MHCTBO ayH, 
: BCTPewalomuxcA B TOM TOILE. 
_ WU omm npn peskom usmenenuu dusuKo-reorpapwyeckux yCrOBMit MW CMeHe U3BeECTHAKOBEIX 
 OCAaNKOB TWeC4aHO-TIMHUCTHIMM Mpoucxo_UT Oomee peskoe usMeHeHVe B KOpaTOBOM payne. 
: 


4. RKROPAJWJIOBAA ®OAYHA TECUAHO-rJIMHUCTHIX ®MAIMM BEPXHETO 
KAPBOHA WU HWKHEM MEPMM 


OTOT pase MOCBAIeH cBOeOOpasHOl dhayHe KOpasm0B, BCTpewaemEIX cpeaM mec4uaHo- 
PIMHUCTHIX TOM, pakee OTHOCMBIIMXCA K apTMHCKOMy epycy. B mocaeqHMe TroqE ycTaHOBJeHO, 
YTO TeCYaHO-FIMHUCTHe OCATKM «AaPpTMHCKOTO», THiIa paciOCTpaHeHBI He TOJbKO B HMKHelt 
IlepMU, HO MW B BepXHeM KapOOHe UM ame B BepxXHeli uacTH cpeqHero KapOoHa. B Hacrostee 
BpeMA elle HeT IOJIHOLO M ACHOFO UpefcTaBIeHHA 00 UCTHHHOM BO3pacTe “<apTMHCKUX» WecuaHo- 
TIMHUCTHX OTIOHeCHUM B pasIMYHBIX WyHKTax SanagqHoro cKI0Ha Ypasa u crpaTurpadua 
aTUX TOM elle HAXOUTCA B HepMoye CTAHOBIeHUA, HO TEM He MeHee MOMKHO OTMETUTL, 4TO 
WIA 1oKHOM uactu CeBepHoro Ypasa U AIA ceBepHolt 4acTM cpeqHeETO MpuMepHO OT WIMpOTEI 
p- Koassr uw 70 wmuporn r. Uycoporo necuaHo-rsIMHUCTHe OCaKU ABIAIOTCH 0010€ MOJIOABIMH, 
4eM HUPKHEMePMCKMe U3BECTHAKM VM B elicTBUTeIbHOCTM MMeIOT lepMCKUM BOBpacr. 

fOssHee Byomb YPumMcKoro am@urearpa UMeeT MeCTO TlOCTeleHHOe 3aMelleHHe U3BeECTHAKOBBIX 
dbanuit HusKHei MepMu, BepxHero KapOOHa UM BepxOB cpeqHero KapOoHa NecuaHO-PIMHUCTHIMU 
TeppHTeHHEIMM PalvAMn. 

Enje womnee, k wry ot YdumcKoro naaTO U WpuMepHO AO mMpoTHOrO TeyenuA p. Benoit 
ONATh NOABIAIOTCA U3BECTHAKOBBIC (allMM BepxHero KapOona UM HusKHEM MepMu, a K IOry OT 
p. Benoit paspes HuKHeli NepMu, BepxXHero, CpefHero M yacTM Hu*KHeTO KapOona IpeycTaBeH 
TleCuaHO-rIMHUCTHIMM WOposaMu C MpOCcOAMM W3BeCTHAKOB. 

Kopanaopan dayHa B [eCuaHO-IIMHMCTHX TOMaX XapakTepusyerca mpeod.aqanuem 
MeJIKUX OJ[MHOUHEIX KOpaJJIOB, YaCTO HelpaBUIbHOl MOpMbI, C UpesMepHLIM pasBuTMeM 
HeROTOPHIX IPU3HaKOB, KpaliHe U3MeCHYMBHX C HepesKUMM BUAOBLIMM IIpusHakamu. 

Uactnr mupeyctapurenm poop: Tachylasma, Stereolasma, Lytvolasma, Lopholasma u Ap. 13 
cem. Streptelasmidae, a taxe pogos Amplexus (Amplexocarina), Cyathaxonia (Cyathocarinia), 
Plerophyllum, etc. 

E. J]. Courmuna HameyaeT IpucyTcTBue JBYX KOMIMIeKCOB KOpadIOBoi MayHbl B MecdaHo- 
TIMHUCTHX TOMMNAaxX: OMH OOuee WpeBHUi, B KOTOPpOM peoOsagaiorT MpepcraBuTetu Cem. 
Streptelasmidae u apyroli, douee Monogoi ¢ npeoOmaganuem Plerophyllidae. 

Ceifuac ene HeT TaHHEIX, [JIA yBASKM (AayH MeCcuaHO-TUMHUCTHIX UM U3BeECTKOBBIX Pauii [pyr 
€ JpyroM, HO B KayecTBe IpMMepa MO*HO HIpuBecTu aK, yRKasbiBaBuiniica KH. Jj. Communoit, 
yTo B CeBepHom Ypase B OfHOM paspese HuKHeli nepmu cou c Wentzelella nemar Bere ci10eB 
coflepsKalux peBHUii KOMIMIeKC KOpaIOBOl (bayHbI TecuaHo-ruimMnucTEIx aris. 
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PART X: FAUNAL AND FLORAL FACIES 
5. BHIBOUBI i en a ea ae rk 


1) B BepxHeM rasteo30e Ypaua Hamewaercn ceMb, B cpemHem Rap6one - —3,B WapecTHAKOBEL 


aumax BepxHero KapOoHa mM HuvKHei TepMu ag) MB WeC4aHO-TIMHUCTHIX parax — 


2 KOMIIJIeEKCOB KOparNOBOK hayHbI JOcTATOUHO OTYeTJIMBO OTAMYAIOMMX CH Apyr oT apyra. 


Bo myormx paspe3ax, oco6eHHO B BepxHeM KapOoHe uM HumHeli MepMM OHM BCTPe4aIOTCA BO 


MHO?KECTBE, OTIMGAIOTCH XOpOeM COXpaHHOCTbIO U pu HeOOJIbIIMX pasMepax KOpaJIUTOB 
B KOJIOHMAX, JaIOT BO3MO/KHOCTH TOUHOLTO OlpeesueHuA cpaBHUTeJIbHO He0OJbINMXx yqacrelt 
KOJIOHMM. 

2) Ocrarka KOpadIOB He pacipeyeseHEI paBHomepHo 110 -Bcemy paspesy u 10 KOpasOBoit 


dayHe celiuac MO?7KHO OXapakKTepM30BaTb He BeCb paspes HeMpepHIBHO, a JIMINIb ero OT]CJIbHBIe 


OTpe3KM, B KOTOPEIX COCcpefoTOYeHA OONbIMAA YCTb OCTATKOB KOpasIOB U TAKUM OOpas0M 
HaMCTUTL KOMIMICKCHI KOpaIOBOU PayHEl. 


3) Kopanaosaa dayHa BepxHero Hameo3s0n Ypana, 10 Kpalineli Mepe ayHa U3BeCTHAKOBEIX — 
aul, mpeycrapsAeT coOo1, HaamHad C BepXOB HWKHETO KapOoHa, PayHy, pasBUBaBLIy10cA 


B OCHOBHOM Ha MECTe, C O4eHb CAOKIM IPMTOKOM 4y2KAEIx PopM. OcHOBHEIe OCOOeHHOC TH 
BepxXHetlaseo3s0cKol KOpamIoBO dayHE Ypavsia OLWIM BaJIO*KeHBI elle B BepxXHeBUselicKoe 
BpeMA HM B OCHOBHOM faHHaA (dbayHa ABIAeTCA PayHOM MecTHOM, 3HAaUMTeIbHO OTIM4AlONlelicA 
OT CXOJHEIX 10 BOBpacTy @ayH Apyrux oOuactrelt CCCP u sapyOemHEx crpan. 


OcHOBHEIMM JMHUAMM pasBUTUA KOpaoBoli mdayHEr Ypama mu BMecTte © Tem HaMOoulee 
XapaKTePHBIMU OCOOeCHHOCTAMM ee B I[eJIOM ABJIAIOTCA caepyiomme. OOumue u pasHoodpasue 
npeycTBuresjelt poga Canina u B OONbme CBOel UACTH IpeCTaBIAIONIUX TaibHelimiee pasBuTue 
rpynms Canina juddi Thom., pacupocrpaneHHolt B Bepxax HM*KHeTO KapOoHa Ypasa. OTa 
OcOOeHHOCTh BEChMA Pe3KO BEIPAHKeHa B Y paIbCKOM BepXHenaeosz0licKol tayHe 10 CpaBHeHM10 
HallpuMep ¢ dayHot FoHemKO u OCcOOeHHO TOAMOCKOBHON. 


‘Bropoi oramuurenbHol ocobeHHOCTbIO BepxXHellateo30licKOH KOpamm0BOi dayne Ypasma 
ABJIAeCTCA OOMIMe B BEPXHCKAMCHHOYTOJISHBIX MU HUPKHETEPMCRUX U3BECTHAKOBBIX OTJIOMCHUAX 
KOJIOHMAJIbHBIX KOpPaJIOB, WpuHaaexamux K pogam Diphystrotion, Orionastraea, Cystophora, 
Thysanophyllum wu upuyaiouux dayHe HeCKOJIbKO apxamunEit oOnuK. bosee spicoKoop- 
raHws0BaHHbie Lonsdaleiasiraea Kak Hattpumep Protowentzelella, Wentzelella, Lonsdaleidae 
COCTABIAOT TMMIb HeOONbINTyIO YCTh PayHbI UW MOABIIAIOTCA 37eCh WOamKe, YeEM B Apyrux 
oduactax. lo cux mop He HaliqeHo mpeycraBureneit takux poqoB Kak Waagenophyllum, 
Polythecalis. 

OcoOenHocThI0 ypasbcKOli *ayHbI B M3BeCTHAKOBBIX TOJIMNAX ABJIAeTCA TaKwKe peKOCTb 
mpeycrasuresen cem. Streptelasmidae, 3aT0 BecbMa OoraTo MpescCTaBJIeHHEIX B dayHe MecuaHo- 
TUMHUCTEIX TOTTI. 

4) Wis cpapnenuaA KopamoBEx (bayH BepxHero mateo3s0a Vpana c OuM3KuMM WM 
aHaIOPM4IHBIMM 110 BOspacry dayHamu fpyrux oomacrelt CCCP u sapyOemHprx crpan, 
BLIACHUIOCh, YTO B Kamo OOnactTu PbayHb OONaawT CBOecOOpasHBIMU OCOOeHHOCTAMM, UMeIOT 
MaJIO OOIlero Mexkjyty cOO0I0 B BHAOBOM CocTaBe M Jake B Ipefemtax OOmacTeit BEIeAIOTCA 
OTJCIbHBIC PaOHb!, OTIMYAIOIMeCA OT [pyrux cBoeoOpasuem ayHEl. ITO OOBACHAeTCHA Tem, 
4TO KOpaJIb, TeECHO CBA3aHHbIe C YCJIOBMAMM OacceliHa, B KOTOpOM OHM OOuTaIOT, COMBE 
BABMCAT OT VTUX YCOBMit, YeM [pyrue #RMBOTHBIe MU TODTOMY PusuMKO-reorpaduyeckue yCuOBMA 
SacceitHa UMeIOT JWIA HUX ONpepenAWMee 8HaGeHNe B COCTAaBe MW TUTE PayHEl. 

Orcioqa BBITeKAIOT BeCbMA BayKHbIC BLIBO[bI MeTO/M4eCKOTO XapakTepa: a) KOpammOBaA 
(bayHa upm crpatupaduyeckol Koppemaiun paspes0s obsacreit, oOmaqaioniMx HeCxXOnHEIMH 
ocayqKaMM WUMeeT JIMUIb CpaBHUTeIbHO HeOOUbINOe BHAYeHME, MO3BOUIAA TesaTh Kakue m0 
BEIBOABI O BOBpacTe, IIpuMepHO, C TOYHOCTHIO lO ApPyca, Up STOM, 4eM cuIHHee pasHATCA 
OCaKM, TEM CTCMCHb TOUNOCTH BEIBOAOB yYMeHbIaeTCs ; B) IIpM CpaBHeHMM KOpATNOBEIX ay 
OTCIDHBIX OOMacTeli M palioHOB HeOOXOAMMO OUCH TWATeIbHO YUUTHIBATh XapakTep OcaqKOB 
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+B RwKUM paspese MU TONbKO Ip 9TOM MO*KHO TeMATh Te MIM MHEIe BEIBOTBI 0 COOTHOMeHMAX 
KOpaIIOBIX PayH pasivdHEIx paspesos. ToubKO mpm yRasaHHEIx yoOBMAX MOsKHO 6yner 
ms0emaTb rpyOnx ommooK mpu crparurpadaeckoit KOppeJANMU, Ob3yACh JaHHbIMH, 
TOWY4eHHBIMM Up UsyyeHUM KOpaIOBEXx dayH. Ha mpuMepe cpaBHeHuA KOpaMNOBBIX P~ayH 
cpeqHero KapOona Ypaaa, [logmockosnoro um Jlonerkoro GacceiiHoBn MEI BUeETM HaCKOABEO 
Mas0 OOmMero Mey PayHaMM OAHOBOSpPAcTHEIMU, HO OOUTABLIMMM B Oacceiinax c pa3JIM4HBIMM 


. 


usuko-reorpapuyeckumu ycuoBMAMn. 
_ ¢) gaTo B npeyetax oOnacTu wm pationa, xapakTepuaylomeroca eqMHCTBOM (paljvaJIbHBIX 
ycuopul, KOpaimoBan dayHa oOOmagqaeT OfHOTUMHOCTBIO uM C OOABIIMM moOcTOAHCTBOM 
_ BEIepKUBAeTCH Ha BCeM IIpOCTpaHcTBe C OfMHAKOBBIM TuNOM OcagqKoB. B orux cayuanx 
} HaOwl0qaeTCH He TOKO OAHOTUMHOCTS PayHEI B WeOM, HO uM Gosee uM MeHee OMHAKOBBIiT 
| XO7{ ee pasBUTUA BO BpeMeHM B IIpepesmax Bcero Oacceiina. 
ITpu sTux ycHOBMAX BO3MOAHOCTM UCHOU30BaHUA KOpaINOBON PayHE! AIA KoOppesanmit 
WpesBEaHHO BeIMKM UM CTeMeHb JeTaIbHOCTU UM TOUHOCTU FOcTuraer MacuITaba TOpus0HTa WIM 
 30HBI (B TeX CJLYYaAHX, KOra KOpanmoBad chayHa HacTomBKO Oorara u pactipocrpaHeHa B 
; paspese). Havenve KOpaNOBOl PayHA JIA MeCTHBIX B0HAIbHBIX NORpasyesenuit BecbMa 
| ~BeJMKO. 

9) CpaBbHenue kopasIOBEIx dayH pasaMyHEIx oOnacreii mupu cBoeoOpasuu dbayn, mupu 
TOMABIAIOMeM PAasBUTUM MeCTHBIX DHCMUYeECKUX POpM, B kako PayHe, IpM HesHayUTeIbHOM 
KONIM4eCTBe OOMUX BUOB B OCHOBHOM OrpaHWuMBaercA cpaBHeHuem (bayHbl B Ies0M, walle 
Bcero 10 poqOBOMY cocTaBy M B MeHbIleli cremeHu 10 rpyumamM BuyOB. ITO ObcTOATeIBCTBO 

-TpeOyer ocodolt THaTebHOCTM M TOUHOCTM B OTHECeHUM KOpasaa K TOMY WIM UHOMy pory, 
OcOOeHHO B TeX CJLYYaAHX, KOTAa UMeCTCH HECKOAbKO OMBKUX CXOHEIX POROB, Kak HallpumMep 
Canima, Caninophyllum, Bothrophyllum, Timania, usm ypyrue rpytubl CXOHEIX posos. 


He o0xoqumsl B fauibHelileM TOUHO UM THaTeIbHO paspadoTaHHble pOWOBbIe FUaTHOBbI, B TeX Ke © 


CLywaAX, KOTja UpUXOWUTCA O0Jb30BaTbCA yee VMMelolelicA sMTepaTypoli, HeoOxoquM 
KpUTMYeCKUM MpOCcMOTp BCex (OPM, MOrYyUIMX ObITh OTHECCHHBIMM K OuMB8KOMY pony. TobKO 
IPM STUX YCJIOBUAX MOPKHO OBITD W30aBJIEHHBIMU OT OLMMOOUHOTO UCTOJKOBaHMA YepT CXONCTBA 
UM pasiIMv4A B KOpAJVJIOBLIX PayHaXx. 

6) Ilpu usyyenun Kopamn0Bol dayHEl KakO-1M00 OONacTu UM palionHa xapakTepusylolluxca 
€]MHCTBOM (paljMit OcaKOB UM CJleqOBATeIbHO Kak ye OBLWIO yCTaHOBJeHO, OJHOTMMHOCTHIO 
ayHBI 10 cocTaBy U 10 HalpaBJeHMIO U CKOPOCTH pasBUTUA ee, HEOOXOAMMO IIpUjepsKUBATECA 
y3kKoro NOHUMAHMA Bua, U30eran YpesMepHEIX OOOOMCHMH CMASbIBAIOMIUX OTeIIbHbIe MeIKMe 


eTanbt passurua. Ilpu msyyeHuu Kakoli-1m00 mMHuM pasBUTUA, HeOOxXOquMO OTMedaTb 
TAaKCOHOMM4eECKM BCe aTAMbI FOCTATOYHO OMpefeseHHO BbIpamKeHHEIe MOpdosorMmyecku U 
XPOHOJIOrMYeCKH. 


CoOsmopgenue 9TOTO YCJIOBUA JaeT C OMHOI CTOPOHEI BO3MOMHOCTH C HaemRallel MOTHOTOH 
MU yOeUTeIbHOCTHIO IpOCMeAUTL pasBuTve Kakoli-1m00 POpMbI UM rpymst PopM, a c Apyroit 
CTOPOHEI aeT MaTepMad JIA PayHUcTuyecKOl xapakKTepMCTUKN JeTaAIbHOTO CTpaTurpapM4yeckoro 
paspesa aHHOrO paliona M TeM CaMBIM BMeCTe C JPyTUMM rpymuamMu WIA COCcTaBJeHMA CBOAHOLO 
OuocTrpaTurpaduyeckoro paspesa. 

IIpu stom Hayo 3apaHee OTZaTb ceOe OTYeT, ITO IpuMeHeHMe Y3KOrO NOHMMAHMA Bua elle 
6ouee OrpanwuMBaeT BOSMOAKHOCTH CpaBHeHUA (hayH pasIM4HBIX OOsacTeit MIM paitoHOB C MHBIM 
TUIIOM paspesa, U ITO cTpaTurpadusA, OCHOBaHHAaA Ha (payHe, W3yueHHOH Upu y3KOM NOHMMaHMM 
Bula UMeeT MecTHOe 3HAa¥eHMe (KAaK M BCHKAA [[eTaIbHad crpaTurpadMA) MU WpMMeHuUMa JIMINb 
HOHOCTHIO B Ipefeswax JanHoro paiiona. 

7) Ilpumenenue yskoro TOHMMaHMA Bua, OCOOeEHHO YIUTHIBAA JOBOIbHO pactipocTpaneHubiil 
cpequ Kopas0B romeomopdusm, TpeOyeT BOsMO7KHO OOee MONHOTO M3yyeHUA ONTOreHUM 
KamKOrO Bua 6 MOMOMIbIO cepull mMpoB. DITO TacT BOSMOJKHOCTS He TOKO pasoOpaTLeA 
B MopOmormueckux OCOOeHHOCTAX M UX pasBUTUM y LaHHOi POpMbI, HO M NOHATL reveTuaeckue 
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F Eee SUCCESSION IN THE ESTUARINE SERIES 
OF YORKSHIRE 


' By T. M. HARRIS 
Great Britain 


ABSTRACT 


The ‘“‘ Estuarine Series ” of the Yorkshire Oolites consists of a thick series of deltaic rocks divided into four by 
marine bands. The plants of the deltaic rocks have remained ill-zoned, partly because of the bad localization of many 


specimens and partly because nearly all the collecting was from a very few localities. The outcrop has been searched ~ 


for new plant localities and 150 have now been found which yield determinable specimens (mostly microfossils).. These 
represent all four stages of the Estuarines and are numerous enough to give an indication of the changing frequency. 


Most species prove to have long ranges; but an unexpected finding is that a good many are frequent in the first and last — 


stages but absent from the two middle ones, while others characterize the two middle ones alone. Two localities yielded 
a series of Lepidodendroid megaspores, doubtless from fragments of derived Carboniferous coal. 


HE flora of the Yorkshire Estuarine Series has been the ‘‘ World Standard ’? Lower Oolite Flora 


for a century. Although the plant-bearing rocks are thick and divided into four by marine 
bands, the history of the flora within this series has been little investigated. 
The divisions are as follows :— 
Marine Callovian. 
“* Upper Estuarine ’—up to 200 feet. 
Marine “ Scarborough ” or ‘“‘ Grey ” Limestone. 
** Middle Estuarine ’—up to 72 feet. 
Marine “ Millepore Bed ” or “ Whitwell Oolite.” 
Part of “‘ Lower Estuarine ’’—up to 110 feet. 
Marine Ellerbeck Bed. 
Part of “‘ Lower Estuarine ”—up to 160 feet. 
Marine “‘ Dogger ” (varied age). 
Marine Upper Lias. 
In studying the flora difficulties have been met, of which the chief have been:— 
(1) many of the plant species were composite and vaguely defined ; 
(2) most of the specimens were badly localized; 
(3) most of the specimens were obtained from a very few localities. 


In my own work I have tried to remedy all three difficulties: in particular I have collected 
extensively over as much of the outcrop as possible instead of working intensively at the best localities 
as others have done. 


Most of my new localities have been exceedingly poor ones, yielding perhaps only, one or two 
determinable species; even so I have called them “‘ localities’? and have used them as evidence. I 
have searched about two-thirds of the outcrop so far and have found some 150 of these “‘ localities ”” 
which represent all levels in the plant-bearing (Estuarine) series. This number is at least ten times as 
great as was previously available and is large enough to show general changes. 

Nine-tenths of the new localities are merely coals or shales yielding spores and pieces of cuticle 
when macerated. In order to give some idea of the nature of the evidence I will explain what happens 
when a Yorkshire Jurassic coal is macerated. The results vary: I take a typical case. 


1-2 kgms. of coal are soaked in strong nitric acid for a week, and then washed and soaked in dilute 
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caustic soda. A black slime is produced. This is extracted with water and resistant fossils are isolated 
with a series of wire meshes. \ 
The commonest resistant fossils are small spores and pollen grains which I have not attempted to 
investigate. The next commonest, also not investigated, are small pieces of charcoal—there is some 
evidence that they were charred before deposition. Incidentally it is possible to display the anatomy 
f such charcoal. ; 
_ Cuticles are often abundant, especially from the stems of Equisetum columnare, and I think that 
“most of the coals consist largely of the rotted stems of this plant, preserved where they grew. There 
are a number of cuticles of gymnosperm leaves, sometimes a dozen determinable species, also perhaps 
few determinable seed cuticles and usually some determinable Lycopod megaspores resembling those 
of Selaginella. Such spores may be moderately frequent, up to 100, say, per 500 gms. of coal; but 
usually there are only 1-10 per 500 gms. This is in very marked contrast with a Carboniferous coal, 
where they are many thousand times commoner and form an appreciable fraction of the coal. 

I believe it useless to express the percentage frequencies of the different spore species in these 
Jurassic coals. I have proved that these change greatly as a single coal or shale bed is traced laterally. 
{I do not express any view against the use of such percentages for Carboniferous coals.) In my own 
work I merely record the presence of a species when I find it, whether locally common or rare. The 
localities are however numerous enough to give a special meaning to “frequency.” Thus for the 
31 plant-bearing localities of the Upper Estuarine at present known, Ginkgo huttoni, occurring in 

15, may be said to be fairly frequent; while Zamites gigas, occurring in only three, is relatively 
infrequent. I have no doubt that more intensive collecting from these localities would disclose further 
Occurrences of both these species and raise the figures, but I feel sure G. huttoni would still lead. 

The vertical ranges recognized from this study are, broadly, as follows :— 

(1) Very few species indeed characterize one division only, but nearly all have long ranges. The 
lowest division indeed has about three fairly widespread, characteristic species, but the other divisions 
have none that are widespread. 

(2) A large number of species range through the lower three divisions and either miss the “Upper” 
Estuarine or are very rare, being doubtfully recorded for one locality. It seems as though the “Upper” 

Estuarine was unsuited to the preservation of any but a very limited facies of the flora. 

(3) Remarkable changes in frequency do, however, occur; these must be regarded as facies changes 
‘rather than as zonal changes. There is a considerable group of species which are fairly frequent in the 
|lower half of the “‘ Lower ”’ Estuarine, absent or relatively rare in the upper half of the ‘‘ Lower ”’ 
| Estuarine and in the ‘‘ Middle” Estuarine, and then relatively frequent again in the ‘“‘ Upper” 
| Estuarine. The familiar Zamites gigas is an example, but there are others, such as some megaspores as 

‘yet unnamed, which are similar in range but more frequent. There is a complementary range, species 
{frequent in the two middle divisions but rare or absent in the first and fourth. The causes of these 
{facies changes will not be discussed here; it may be assumed that they result from some fluctuation in 
| life conditions. ; 

These rather slight facies changes of the flora contrast with the changes of the marine bands. 
According to published lists, the faunas of the five associated marine bands are almost wholly different 
from one another so that almost any shell ought to show which of these five marine bands it came from. 
Iam not competent to discuss which parts of these faunal differences are zonal and which due to changes 
of facies, but in any case facies must play a big part for some of these bands themselves show two 
facies with largely different faunas. I would, however, point out that two of the three intercalated 
marine bands have never been accurately zoned, and the third in only one of its parts. There is a need 
ifor further work. 

Finally, I suggest the following possible changes in the naming of the Yorkshire plant-bearing 
rocks for consideration. 

In the first case it is clear that the series has four divisions, not the three which the names * Lower,” 
“* Middle ” and “ Upper ” Estuarines imply. There is no reason why the Eller Beck Bed, which separates 
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the two lowest, Shoulda be cir out for Sif neglect (except the historical reason 
last recognized). The floras of the two lower divisions are consi erably. different and ene d 
names for the rocks of their origin. There is no English word meaning something between “lo 
and “‘ middle’; perhaps this is why these rather inappropriate names have nee eee To me it 
seem natural to call the four divisions of the plant Dearne seties, “ first,” “second,” “ third ” 
“fourth.” 
The second suggestion concerns the name “ Estuarine.” Several writers lave pointed out tha 
Yorkshire Estuarines are not estuarine at all but entirely of deltaic origin, and everything I have 
confirms this. On the other hand, the marine bands are clearly estuarine at their onset and somet in 
at their end, too. Would it cause too grievous confusion to name the whole plant-bearing series t 
“‘ Deltaic Series’? I would propose to divide it into the “ First Deltaic,” comprising the lower halt 
of the “‘ Lower Estuarine,” the “Second Deltaic’” for the upper half of the “ Lower Estuarine,’ 
e “ Third Deltaic” for the “ Middle Estuarine,” and the “‘ Fourth Deltaic” for the “ Upper 
Estuarine.” I put forward these suggestions tentatively as a visitor to the field of Geology, and knowing 
little of Geologists’ customs. 1 


DISCUSSION 


B. LUNDBLAD pointed out the favourable conditions for doing similar microbotanical work on the material of cores 
from bores drilled in the coal mining district of N.W. Scania, southernmost Sweden. She asked if the author had done 
or intended to do work on cores in connection with the studies of the floral succession of the Estuarine Series of Yorksh 

P. C. SYLVESTER-BRADLEY contended that to change the well-established name “ Estuarine Series”’ to “ Deltaic 
Series ’” on the ground of inapplicability seemed unnecessary. Many other stratigraphical names would fall if given such _ 
a test. The Cornbrash by no means always gives a fertile soil; in some places the Corallian Beds are quite free of corals. — 
On the other hand there is a clear need for new names to distinguish the upper and lower portions of the Lower Estuarine 
Series. 

R. V. MELVILLE said that the Lower Oolitic (Bajocian and Bathonian) rocks of Britain contain a molluscan fauna a 
which (apart from the ammonites) displays a general uniformity throughout and contains a large number of long-ranging 
species. As pointed out by the author, the apparent distinctiveness of the molluscan faunas in the marine beds of the Lower 
Oolites of Yorkshire may be due to collections having been made from a very few classic exposures; and it is permissible — 
to expect that more widely extended collecting would tend to diminish the apparent differences between the marine — 
faunas mentioned by increasing the relative importance of long-ranging forms. Apart from possible refinements of 4 
stratigraphical division resulting from detailed work on, e.g., the brachiopods and nerineid gastropods, the type Onn 
distribution-study carried out by T. M. Harris on the plants might be profitably applied also to the invertebrates. His — 
work is to be welcomed as providing an example and a stimulating suggestion to workers on invertebrate fossils. 

T. M. Harris, in reply, said that no bore-cores had been available; the localities are difficult stream sections, with a 
number of weathered old quarries and coal pits. He agreed that there is a need to distinguish the two parts of the Lower 
Estuarine by name. With regard to the name ‘ Estuarine,’ he pointed out that this is always inappropriate in Yorkshire, 
while such terms as Cornbrash are at least sometimes appropriate. 
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freshwate molluscan shells are mparatively simple in structure, their aeatels few ‘morphe 
1 be used to differentiate | systematic categories. The value of these features varies in different group 
‘the same group. But a careful analysis of any single character, or of a combination of such charact 
lead to accurate identification. 

lage can be obtained only through exhaustive Poliection: Sonierinnet the fossiliferous bed represents a 
S ; in which a certain single form was accumulated and preserved. Such incompleteness in data will undoubtedly 
curta: ee ‘actory age determination or correlation over wide areas, and will also make an interpretation of habitat . 

D ditions < st impossible. 
of continental beds in the Upper Jurassic, Cretaceous and Eocene of North America and Europe are 

sed which are characterized by their freshwater molluscan species. 
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ON THE MOLLUSCAN FAUNAS OF THE MORRISON AND THE PURBECK FORMATIONS 


By T. C. YEN 
U.S.A. 


ABSTRACT 


Freshwater molluscan species occur abundantly in the Morrison beds of North America and the Purbeck beds of 
Europe, both of which-are generally regarded as of Upper Jurassic age. A comparative study of these faunas is discussed. 
Among the material examined there is no species common to the Morrison and the Purbeck formations, even of such 
widely distributed genera as Viviparus, Valvata, Hydrobia, Planorbis, Lymnaea and Physa. This is interesting as in places 


the assemblages of both formations show close similarity of ecological conditions. Moreover, the congeneric species of — : 


the two formations indicate near relationship, not only genetically, but also in terms of geological age. 

Some of the Purbeck forms resemble morphologically those of the Bear River formation of Upper Cretaceous age in 
North America; others, such as species of Pachychilus, or Goniobasis-like forms, so far not known in beds earlier than 
the Purbeck and not occurring in the Morrison, have allied species repeatedly reported from Cretaceous and early 
Tertiary strata in both America and Europe. 

Hence, it may be inferred (though not conclusively) that the Morrison formation in North America is older than 
the greater part of the Purbeck. It possibly represents a freshwater facies of the Portlandian. 


DISCUSSION OF THE PRECEDING PAPERS BY T. C. YEN 


T. M. Harris pointed out that the ‘ eggs’ of Characeae (freshwater algae) agree generically though not specifically 
in the Morrison and Purbeck of Dorset. He asked if there were any species of shells in common between American 
and European lakes of to-day. 

P. C. SYLVESTER-BRADLEY said that a group of invertebrate fossils well-known from Morrison and Purbeck Beds 
was the Ostracoda. Freshwater ostracods might be dispersed by wind over wide areas and thus had that advantage (as 
stratigraphical guides) over molluscs. These ostracods had been used for 98 years to subdivide the Purbeck, and more 
recent work had established definite evolutionary series in the genus Cypridea. It was remarkable that there was an 
identity of species in the Dorset, Wealden, Vale of Wardour and N.W. German areas, but only faunas of similar aspect — 
in deposits of approximately the same age in the Swindon, Aylesbury, Swiss, French and American areas. The Tendaguru 
dinosaur beds of Tanganyika had not yet been searched for ostracoda. Such “‘ general aspects ’’ could not be considered 
sufficient to justify correlation. It would be interesting to know whether the author had studied the molluscan faunas 
of similar facies in the Middle Jurassic, such as the Upper Estuarine clay and Viviparus Marl of Oxfordshire, or the Great 
Estuarine Series of the Hebrides; and if so whether such faunas had a very different aspect from those of Upper 
Jurassic-Lower Cretaceous age. 

GorDON Y. CraiG asked if the Purbeck and the Morrison formations had been correlated on the basis of the relative 
abundance of the various genera—say 30 per cent of Valvata in the Morrison formation roughly equating with the 
percentage abundance of the corresponding Va/vata genus in the Purbeck—or if they had been correlated simply on the 
basis of single corresponding genera. 

T. NEVILLE GEORGE (on behalf of the author), in reply, said that T. C. Yen had made a study of Mid-Jurassic non- 
marine molluscs, particularly of the Western Isles, and had found that they constituted recognizably different assemblages 
from those of the Purbeck and Morrison Beds. The author had made no statistical comparisons of the Morrison and 
Purbeck faunas in terms of the relative proportions of species. It was doubtful if such comparisons would be of value. 
The Morrison beds were deposited under conditions variable both in time and place; and the whole Morrison fauna 
was of course not found at every fossiliferous exposure. Within the Morrison beds there were marked differences in 
proportions of species even between neighbouring localities. In reply to T. M. Harris he said that although there might 
be appreciable differences between the faunas of present-day freshwater lakes, the general aspect of those faunas remains 
Recent; and the differences between them would at least be of less degree than those between the faunas of successive 
geological periods. 
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LAS FACIES DE FAUNA Y FLORA DEL MESOZOICO 
SUPERIOR Y LA CORRELACION DE SUS ZONAS| 
EN MEXICO 


Por F. K. G. MULLERRIED 
Mexico 
ABSTRACT 


Habiéndose investigado ya ampliamente la serie marina del Mesozoico superior (Oxfordiano superior al Senoniano) 
en México respecto a zonas estratigraficas, resta hacer en este estudio referencia a la facie continental con restos 
vegetales, moluscos de agua dulce y reptiles continentales. 

En toda la serie del Mesozoico hay en México, por todas partes, uno que otro nivel con restos vegetales que 
frecuentemente se hallan juntos con invertebrados marinos 0 en capas de poco grosor que estan intercaladas en estratos 
marinos, por lo que tales vegetales no pueden indicar facie continental. Pero ocurren en el norte de México, en la serie 
del Senoniano superior, estratos de gran potencia arcillo-arenoso-conglomeraticos, que incluyen restos vegetales, moluscos 
de ague dulce y reptiles continentales, indicadores del origen de tales estratos. Estos han sido encontrados en el noreste 
de Coahuila y region limitrofe de Nuevo Leon, entre Piedras Negras, Coah. y Lampazos, N.L.; en la Mesa de Guajardo 
al oeste de Saltillo, Coah.; en la regién de Soledad al oeste de Coahuila; y en el norte de Sonora. En esta amplia 
region de la Republica existen extensiones de los referidos estratos continentales, de considerable potencia. 
Aun no se ha establecido su edad geoldgica exacta ni se han reconocido sus niveles estratigraficos, pero parecen 
corresponder al Senoniano superior. 

Por lo tanto, no es posible establecer en la actualidad una perfecta correlacién entre las zonas de la facie continental 
con las de la facie marina, en la serie del Senoniano superior, mientras que, respecto a los citados niveles de vegetales 
incluidos en serie marina, la edad ha sido establecida por los fésiles marinos acompafantes o por estar en la parte superior 
o inferior de determinado nivel de fdésiles marinos. 

Futuras investigaciones bien pueden establecer los niveles exactos de los fésiles variados, incluidos en estratos 
continentales del Senoniano superior en el norte de México. 


OS estratos del Mesozoico superior (Oxfordiano superior al Maestrichtiano) en México son 
marinos esencialmente, mientras que la facie continental es reducida tanto verticalmente como 
horizontalmente. 

Los estratos marinos incluyen invertebrados, pocos peces y reptiles, y algas calcareas, mientras 
que la facie continental estd caracterizada por vegetales, reptiles, y moluscos. Existe facie 
transicioniaria entre las dos, de lagunas salobres, etc., designada por C. Burckhardt como facie sub- 
continental. , 

Han sido estudiados los estratos marinos de preferencia, mientras que la facie continental es aun 
poco conocida lo mismo que la facie subcontinental. No obstante esto, parece indicado examinar 
en esto la facie continental para reconocer si es posible las zonas (niveles, horizontes) de fosiles 
caracteristicos y llegar asi a la correlacién de estas con las de la facie marina, porque tal contribucion 
paleontoldgico-estratigrafica puede tener importancia referente a los estratos supramesozoicos de 
México, puesto que el conocimiento de ellos es atin bastante reducido. 

Respecto a la facie marina sobra examinarla, porque han sido establecidas ya bastantes zonas de 
fésiles de guia, primero por C. Burckhardt en 1930, y después, en 1943, 1944a y 1944b por R. W. 
Imlay, quien modificd algo la estratigrafia de las zonas de Burckhardt aceptando el resultado del 
estudio estratigrafico general de L. F. Spath (1933), mientras que el otro estudio de E. Dacqué (1934) 
aunque mencionado por Imlay, no ha sido tomado en cuenta por éste. En la imposibilidad de conseguir 
el estudio de Dacqué, acepto por el momento la modificacién introducida por Imlay al sistema 
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Si, es indispensable indicar una posible rectificacién al sistema estratigrafico as Méxie 
regiones de periodos geoldgicos distintos, a saber: la del Senoniano superior en la region carb 
del oriente de Coahuila y terrenos vecinos de Nuevo Leon, y la de las capas con Barrettia en elc 
de Chiapas. Respecto a la primera regidn he demostrado, en un estudio actualmente en prensa, 
E. Boese estableciéd la secuencia que posteriormente fué modificada considerablemente por 
Burckhardt, pero que todo tiende a dar crédito a E. Boese respecto a la secuencia establecida por 
mientras que la edad precisa de las zonas tiene que ser revisada lo que ya indicd Imlay. La secuenc 


de los estratos del. Senoniano superior en la region carbonifera del oriente de Coahuila y terrenos 


vecinos de Nuevo Leén es como sigue: 
Maestrichtiense: 


Serie superior de capas marinas, siendo las terminales de origen salobre; arenisca y pizarra 
arenosa; ostreas, restos vegetales, y dientes de tiburones; cinco niveles de amonites 
(Sphenodiscus y Coahuilites), y un nivel, basal, de Exogyra costata Say, etc. Grosor 150 a_ 


mas de 350 metros. ‘ 

Serie inferior de estratos continentales, también salobres y marinos; capas aicillo te oueem 
capas y bancos de carbén; restos vegetales, moluscos de aguas salobres, y bivalvos marinos, 
dientes de tiburones. Espesor 500 metros. 

Campaniense: 


Pizarra en alternaciOn con capas de caliza, marinas; amonites, Exogyra ponderosa Roemer, y 


probablemente Actaeonella (Trochactaeon) inconstans Boese. 


Referente a las capas con Barrettia hay que indicar que este paquiodonto fué considerado como a 


edad maestrichtiense, por H. Douvillé, C. T. Trechmann y L. M. R. Rutten, mientras que ya H. L. 
Hawkins en 1923-24 opinaba que el fosil de referencia era mds antiguo. En 1936 he concebido la 
idea ultima y considero a la Barrettia como del Turoniano superior. Aun en 1937 H. J. MacGillavry 
defendié la idea de la edad maestrichtiense de la Barrettia, indicando ademas que deben existir fallas 
en el centro de Chiapas donde hice mis observaciones. He recorrido otras veces la misma regién y 
declaro terminantemente que no pude observar fallas de alguna importancia, por lo que afirmo otra 
vez que el paquiodonto Barrettia es anterior al Maestrichtiano; pero hago la modificacion de mi idea 
de 1936 en el sentido de que la Barrettia abarca el Turoniense superior y casi todo el Senoniense 
inferior. 

Mas no hay que agregar actualmente a lo conocido sobre la facie marina del Mesozoico superior. 

Respecto a la facie continental, hay que indicar desde luego que no es conocida con seguridad 
en el Jurdsico superior, Cretacico inferior y medio, en el Turoniense y Senoniense inferior. En estas 
formaciones geoldgicas si existen algunas zonas con vegetales continentales; pero esto no indica que 
se trata de capas terrestres, puesto que son capas delgadas cuyos restos vegetales bien pueden haber 
sido traidos de tierra firme, porque de lo contrario deberiamos aceptar oscilaciones considerables del 
mar y de la tierra firme que son incomprensibles. Arriba en el Cretadcico superior, en el Senoniano 
superior, si existen series de sedimentos que incluyen vegetales terrestres no acompafiados por fésiles 
marinos 0 salobres, en partes. Estos sedimentos estan intercalados en serie potente de capas marinas 
y salobres, e indican oscilaciones 0 comienzo de ellas, comprensibles porque poco despues en el limite 
del Cretacico y Terciario hubo una emersién mayor. 

Las oscilaciones iniciales son reconocidas inicamente muy al norte de México, puesto que los 
sedimentos con fésiles continentales han sido encontrados: en el NE. de Coahuila y terrenos vecinos 
de Nuevo Leén; en la Mesa de Guajardo al oeste de Saltillo, Coah., en la region limitrofe de Coahuila 
y Chihuahua, al oeste de la Sierra de San Vicente; en la regién del rancho La Soledad, Chih. ; y en el 
noreste de Sonora (Burckhardt 1930, Imlay 1944). 

En cada region se trata de sedimentos de gran potencia, que incluyen vegetales y reptiles conti- 
nentales, o moluscos de agua dulce, pero carecen las capas de fésiles marinos, por lo que seguramente 
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son sedimentos continentales. Mas su edad geoldgica no esté bien reconocida, como lo demuestra el 
analisis siguiente de cada una de las regiones citadas arriba. 

La primera region, del noreste de Coahuila y terrenos vecinos de Nuevo Leon, ha sido bastante 
reconocida. En esta amplia region, entre Piedras Negras, Coah., y Lampazos, N. L., hay una potente 
serie del Senoniano superior que contiene sedimentos continentales y algunas capas marinas inter- 
-caladas, entre dos series marinas, la una del Campaniense y la otra del Maestrichtiense superior. La 
seccion de referencia ha sido indicada ya en este estudio. Los sedimentos continentales incluyen capas 
“y bancos de carbon, y restos vegetales (hojas, madera fésil), que pueden demostrar su origen continental. 
existen en esta serie ciertas capas con moluscos de aguas salobres, y otras con bivalvos marinos 
y dientes de tiburones; y las salobres estan intercaladas en la serie potente, demostrando las 
oscilaciones en la serie de referencia. Como las capas marinas y las salobres estan intercaladas en la 
‘serie potente de 500 ms. de espesor, pero separadas de esta, se puede aceptar que ésta es de origen 
‘continental. Siendo la potencia de ella mayor que la de los estratos superpuestos del Maestrichtiano 
‘superior, y estando sobre la serie del Campaniense, se puede asignar a los sedimentos continentales que 
incluyen capas salobres y marinas, edad del Maestrichtiense inferior y medio, aunque es de admitir 
que no hay indicio exacto de esta edad por no haberse encontrado fésiles de guia que comprueben su 
edad. Esto mismo indica que no se conocen atin zonas (niveles) de fésiles de guia en esta serie. 

La otra region, la Mesa de Guajardo al oeste de Saltillo, Coah., esta caracterizada por arenisca y 
pizarra en alternacion que incluyen reptiles fdsiles y tienen enorme potencia de 2.000 ms. Esta serie 
esta superpuesta a capas con Exogyra ponderosa y E. costata, del Santoniense, Campaniense y 
Maestrichtiense inferior, por lo que la primera es mas reciente, es decir del Maestrichtiense medio y 
‘superior, aproximadamente. Los reptiles no han sido clasificados; pero probablemente son conti- 
nentales. La edad aproximada de la serie, se paraleliza probablemente con los estratos continentales 
del noreste de Coahuila. Aun no se sabe si esta serie tiene intercaladas capas marinas, o si esté 
superpuesta por serie marina, como se sabe del noreste de Coahuila. 

Menos atin se conoce respecto a la regidn limitrofe de Coahuila y Chihuahua, al oeste de la Sierra 
de San Vicente, donde segtin E. Boese han encontrado enormes troncos fésiles. No habiendo capas 
subyacentes o superpuestas, identificadas estratigraficamente, queda insegura la edad geoldgica de la 
madera fdsil de referencia, aunque es de presumir que pueda muy bien ser contempordnea a la del 
noreste de Coahuila. 

También es insegura la edad geoldgica de las capas con fésiles continentales que Haarmann ha 
encontrado cerca de Soledad, Chih., al sur de la Sierra Mojada. En la base de la serie hay marga de 
colores vivos, que esta superpuesta por pizarra, pizarra arenosa, arenisca y conglomerado en 
alternacién, conteniendo este ultimo madera silicificada y dinosaurios, que segun Burckhardt pueden 
ser contempordaneos a las capas con saurios de Big Bend, Texas, y como éstas ultimas son de la edad 
de la serie con carbon de Texas y al noreste de Coahuila (véase Adkins, 1928), es posible que sean del 
Maestrichtiano inferior y medio. Es de decir expresamente que en la regién de Soledad no existe 
prueba alguna acerca de la edad exacta de los fésiles de referencia. 

Por Ultimo, en el noreste de Sonora han encontrado sedimentos con fdsiles continentales e 
intercalacién de capas con fdsiles de aguas salobres y otros marinos. Por Cabullona y en otras 
localidades se observa segin R. E. King la secuencia siguiente: 

Grupo de Cabullona 

810’ (pies) toba riolitica 

capas rojizas superiores 

+ 2,100’ pizarra arenosa de colores vivos, lentejones de arenisca, en la base arenisca clara con 

gasterdpodos de agua dulce. 

Pizarra de Packard, 1,800-2,500’ pizarra, capitas de caliza apizarrada y de arenisca calcarea, 

capitas de ceniza volcdnica y bentonita; fragmentos de vegetales y bivalvos marinos. 

Arenisca de Camas, 1,220’ arenisca, pizarra de colores vivos; bivalvos y gasteropodos de agua 

dulce, troncos silicificados. 
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Formacién de Snake Ridge, + 2,000’ conglomerado, arenisca, pizarra arenosa, pizarra 
_carbonosa ; fragmentos de madera, bivalvos y gasterdpodos de agua dulce, y 100’ debe 
de la terminacién superior de esta formacion hay dinosaurios. 

Grupo de Bisbee, marino, del Comanche segtin Stanton, 1905. 
Segin Imlay el Grupo de Cabullona es de sedimentos probablemente muy arriba en el Cretacico 
superior y de origen continental. En comparacién con lo reconocido mas al’ oriente es posible una 
edad aproximada del Maestrichtiense inferior y medio, como en el noreste de Coahuila, por el 
contenido de los estratos en el noreste de Sonora de vegetales, dinosaurios y moluscos de agua-dulce, 
De lo anterior se infiere que es probable que en el norte de México se encuentren extensiones di 
estratos continentales con fésiles terrestres y otros de agua dulce, reconocidos en varias regiones, 
cuyos sedimentos bien pueden ser de la misma edad geoldgica, goatee dado que incluyen 
los mismos tipos de fésiles, vegetales, reptiles, y moluscos. 
Pero, no habiéndose fijado las zonas de fésiles y que ni siquiera han sido clasificados estos, es 
imposible actualmente hacer la correlacién estatiprabes de la facie continental de referencia con la 
otra marina de México. 
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‘Por F. K. G. MULLERRIED 
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ABSTRACT | 


Los estratos del Mesozoico (Tridsico superior? al Senoniano) reconocidos en el noroeste de la América central 
(del Istmo de Tehuantepec a Nicaragua) son.en su porcidén inferior de facie continental, con dos o mas niveles de madera 
fdsil y restos de hojas, no estudiados suficientemente para fijar los horizontes estratigraficos. 

La porcion superior del Mesozoico es de facie marina, pero inicamente han sido reconocidos pocos niveles estrati- 
graficos del Cretdcico. Cada uno de estos niveles queda basado generalmente en una sola especie encontrada, 
excepcionalmente en dos, lo que no siempre es suficiente para indicar el horizonte exacto. No se conoce intercalacién 
de facie continental con fdésiles en la serie marina del Cretdcico. Unicamente se ha reconocido en el centro de Chiapas 
una capa con restos vegetales, un poco arriba de la serie con fdésiles del Neocomiano, pero esta encima de capas marinas. 
y debajo de otras que algo mas arriba son igualmente marinas, por lo que la capa citada debe ser de origen marino, 
aunque contenga restos vegetales continentales. 

Al contrario a lo conocido en el norte de México, el Senoniano superior en el noroeste de la América central es 
marina, por lo menos en el centro de Chiapas donde estan superpuestos concordantemente al Cretacico los estratos 
marinos del Paleoceno ? y Eoceno, lo que comprueba la continuacién de las condiciones marinas, en el Cretacico y 
posteriormente, en la region citada. 

Parece interesante agregar respecto al problema estratigrafico de la Barrettia, que no existen fallas en la parte central 
de Chiapas, por lo que este paquiodonto es mas antiguo de lo que se admite generalmente (MacGillavry 1937), y parece 
hallarse no solamente en el limite del Turoniano y Senoniano (Mullerried 1936) sino abarcar todo el Senoniano inferior, 
pero no se ha encontrado en Jas capas superpuestas, como consta por las exploraciones efectuadas en Chiapas, por 
Mullerried. 
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The Asmari Limestone of S.W. Iran exhibits a considerable variation of biofacies. The Neoalveolina melo curdica 
fauna is a biofacies laid down in a restricted sedimentary environment, but its consistent superposition on other Asmari 
Limestone faunas makes it of correlative value. 

Below this zone there are basic facies-faunas of long range existing contemporaneously but in separate environments. 
In association with each basic fauna there are certain species of consistently limited vertical range which allow zonal 
distinctions and correlations to be made. 

The Austrotrillina-Archaias fauna is the basic fauna of the Miliolid facies, and this facies interdigitates with a reef- 
facies haying a Rotalia viennoti basic fauna. Species in a more uniform underlying Oligo-Eocene marl group are used 
as a control for correlation of the variable facies of the overlying Asmari Limestone. 


FACIES VARIATIONS IN THE ASMARI LIMESTONE * 


By A. N. THOMAS | 
Tran 


ABSTRACT 


I. INTRODUCTION é 


ESCRIPTIONS of the type succession of the Asmari Limestone and of the development at 
Gach Saran have been given by the author in a paper to Section E. of this Congress (Thomas, 
19506, p. 35). The present paper describes elements of the faunas and floras of the Asmari 


Limestone as developed in various sections spread out at intervals for 900 miles along the regional 
fold-trend. 


Unpublished work by Mr. F. D. S. Richardson, of the Anglo-Iranian Oil Company, and by 


Dr. F. R. S. Henson, of the Iraq Petroleum Company, has greatly assisted the author’s own studies. 
Dr. Henson kindly permitted the inclusion of references to new species in course of publication by him 
(published later in 1950). Without access to his careful work, much of what follows would not have 
been written. Mr. J. G. Child has placed at the author’s disposal draft correlation charts of the 
Asmari Limestone, and the author has to thank him and Mr. P. T. Cox for numerous discussions and 
constant encouragement. 


II. BIOFACIES OF THE ASMARI LIMESTONE 


In the accompanying correlation chart the occurrences of the various biofacies of the Asmari 


Limestone and related formations are indicated by index letters against typical sections. 


1. The Neoalveolina melo curdica fauna (‘ N ’’).—This fauna is an excellent example of a restricted 


' biofacies which in Iran and adjoining countries is also of correlative importance. The principal 
components of the fauna are Neoalveolina melo subsp. curdica Reichel, Meandropsina iranica Henson, 
Dendritina rangi @Orbigny, Miliolidae, Anomalinidae, rare algae and bryozoa, and often a great 
abundance of fragmentary remains of echinoids, gastropods and lamellibranchs. By comparison with 
other parts of the Asmari Limestone the microfauna is a very restricted one in regard to numbers of 
species. The individuals of species known in other facies tend to be dwarfed. The frequent association 
of this fauna with nodules of anhydrite points to a highly saline environment in which only some 
organisms could survive. That a more variable contemporary fauna existed in the less saline parts of 
the sea is indicated by the intercalation of occasional shelly marly bands and of a marly band with 
Miogypsina sp. and calcareous algae, and by the occurrence of the zone fossils in association with 
abundant Heterostegina sp. in marly limestones in Kuh-i-Pabda and neighbouring sections. 


Although this is a facies-fauna typically restricted to one environment of deposition it is always 


* Published by kind permission of the Chairman and Directors of the Anglo-Iranian Oil Company Ltd. 
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found above the earlier faunas of the Asmari Limestone, and the earlier faunas are never found inter- 
stratified with it. The index fossil N. melo curdica is found in rocks of Vindobonian age in Turkey and 
Cyrenaica and closely similar varieties of the same species in the Vienna basin (Reichel, 1936=37, 
p- 110). The strata in Iran may be correlated with the Lower Vindobonian. 


2. Lhe Miogypsina fauna (““ M”’).—Below the N. melo curdica beds there is typically a variable 
group of beds including sandy limestones, marls, marly limestones and penecontemporaneous 


_ conglomerates. These beds are associated with shelly limestones containing Ostreaccf. latimarginata 


: 


Vredenburg, Miogypsina cf. globulina Michelotti, Dendritina rangi d’Orbigny and Peneroplis evolutus 
Henson. 

The Miogypsina fauna is almost invariably found below the N. melo curdica fauna and is never 
found interstratified with it. A species of Miogypsina does occur in a narrow band in the overlying 
zone, but it is a smaller species than that found in the ‘‘ M ” fauna and is associated with a species of 
Miogypsinoides with thick, pillared, lateral layers. Miogypsina sp. and Miogypsinoides complanata are 
also found in lower beds of the Asmari Limestone but in association with a much more varied fauna, 
including Austrotrillina and Archaias and without Ostrea cf. latimarginata. The “ M ” fauna is thus a 


_ distinctive one, with a rather restricted assemblage, and although Miogypsina has a much longer range 


than is represented by these beds in S.W. Iran, the “‘ M”’ beds are regarded as virtually contemporaneous, 
They are certainly homotaxial. They are referred to the Burdigalian. 


3. The Austrotrillina-Archaias fauna (‘“‘ T ””).—This fauna is found at all levels below the Miogypsina 
fauna down to the lowest Oligocene. It was probably a warm shallow-water fauna and consists of 
abundant Miliolidae and Peneroplidae with Austrotrillina cf. howchini (Schlumb.) and Archaias cf. 
aduncus (Fichtel & Moll). Associated with them are Peneroplis thomasi Henson, P. evolutus Henson 
and Dendritina sp., and also other species which are of zonal importance as described below under the 
“P” and “S” faunas. When the fauna occurs without its more restricted species it is impossible at 
present to say to which part of the sequence it belongs. Further work on Austrotrillina may enable 
species of that genus to be defined which could be used for zonal purposes. A “ Massilinoid ’’ trend 


has been noticed in certain forms, for example. 


The ““T” fauna in places occurs below the Nummulites fichteli fauna, as at Gach Saran and 
Kuh-i-Ginao; elsewhere it is interbedded with it, as at Kuh-i-Alhar. Most frequently, however, it 
occurs higher in the sequence, in fact immediately above Coral/Algal foraminiferal reef limestones 
which contain the ‘‘ L ” fauna described below. This appears to be a normal sequence of sedimentation 
in the basin of deposition. 

4. The Meandropsina anahensis fauna (‘‘ P ’’).—This fauna has been studied in detail by Dr. F. R. S. 
Henson, who finds it underlying the ‘‘ Euphrates’ Limestone (N. melo curdica fauna) of Iraq and 
separated from it by a stratigraphical break. The fauna is essentially the ** T ’’ fauna with the addition 
of Meandropsina anahensis Henson. In Iran it occurs at many localities as will be seen from Fig. I, 
and it is found in the higher part of the limestones underlying the Miogypsina fauna. It often underlies 
indications of a break in sedimentation, such as local conglomerates, rubbly limestones and erosion 
surfaces. 

5. The Praerhapydionina delicata fauna (‘‘ S””).—The earlier manifestations of the “ T”’ fauna are 
accompanied by the distinctive forms Praerhapydionina delicata Henson and Archaias operculiniformis 
Henson. This specialized fauna is found overlapping or interbedded with the N. fichteli fauna at 
Gach Saran (in wells), at Chin-i-Zal (Luristan), and at Kuh-i-Alhar, southeast of Shiraz. In SW Iran 
the fauna most frequently occurs below the N. fichteli fauna, but it sometimes ranges to higher levels. 


The “S” fauna is regarded as a shallow-water intercalation in a reef limestone sequence. It is 
restricted in geographical extent. For example it is found in the Gach Saran oilfield but is apparently 
absent from the reef limestone development at Tang-i-Gurguda 12 miles away. To the south of Gach 
Saran, at Sulabadar, the reef development is absent and the “ S ”’ fauna is found underlying limestones 
with a very restricted faunal assemblage which may be lagoonal. Again at Chin-i-Zal it is found 
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interbedded in several layers with N. fichteli-intermedius beds but is apparently absent from anothe a 
section only a few miles away. 4 
6. The Rotalia viennoti fauna (“ L”’). ate as the Austrotrillina-Archaias fauna forms the basic — 
fauna of the Miliolid facies, so the Rotalia viennoti fauna forms the basic fauna of a reef facies. ‘The 
typical constituents of the reef biofacies are corals and algae and large perforate foraminifera. Rotalia 
viennoti Greig is extremely abundant and certain bands may contain little else but swarms of this 
species. It is usually associated with other species of Rotalia, Lepidocyclina spp., Heterostegina spp., 
Miogypsinoides complanata (Schlumb.), numerous species of corallinaceae, bryozoa and encrusting © 
foraminifera. 

In the Asmari Limestone formation this fauna is always restricted to the lower levels. It has never 
been found interbedded with or in a stratigraphical position correlated with the M. anahensis fauna. 
The index species, Rotalia viennoti, is stated by Greig (1935) to be restricted to the Oligocene and lower — 
levels, but later work suggests (fide Henson) that it does not occur below the Oligocene but does a 
extend locally into the Lower Miocene. 

There probably exists somewhere a similar facies-fauna corresponding in age with the overlying 
“Pp” fauna of the Miliolid facies, and it would be expected to contain survivors of the R. viennoti = 
fauna, along with new forms such as the Miogypsininae. > 

7. The R. viennoti-Neoalveolina cf. pygmaea fauna (‘“‘ Y ”’).—In the higher levels of the R. viennoti . 
fauna an association is found of Neoalveolina cf. pygmaea (Hanzawa) and large, fat Heterostegina 
sp. (cf. H. assilinoides Blanckenhorn) with the basic fauna. The N. cf. pygmaea is not common, but it 7 
has served as a basis for local correlation in the Gach Saran area and is found at a similar level in 
the Shiraz area (Kuh-i-Dalu) and around Kazerun (Kuh-i-Dashtak). 

8. The Nummulites fichteli fauna (“‘ F ’’).—This fauna is best developed in the Khamir Limestone of 
the Bandar Abbas-Jahrum-Shiraz areas. The limestone is sometimes made up almost entirely of the 
remains of Nummulites intermedius d’Archiac and N. fichteli Michelotti. Elsewhere in SW Iran it 
is found above and below the Eulepidina fauna. In the Gach Saran area and in Luristan N. fichteli is 
often a minor element of the R. viennoti fauna, but it is less common than N. vascus Joly & Leym. and 
other Nummulites in that fauna. 

9. The Eulepidina fauna (‘‘ E”’).—Although Eulepidina occurs quite commonly in the reef limestones 
it is most abundant in stratified limestones from which corals are absent and in which algae are rare. 
Certain bands consist of little else but closely adpressed remains of Eulepidina with a few other 
lepidocyclines, Cycloclypeus and Nummulites. Usually the species can be referred to Eulepidina dilatata 
Michelotti, but specimens referable to E. elephantina Munier-Chalmas are found at Kuh-i-Khaviz. 

The beds with Eulepidina can be mapped as a distinct, continuous member of the Asmari formation 
around some major anticlines, but until the faunas are worked out in greater detail it cannot be stated 
that the beds are everywhere contemporaneous. Probably they are not exactly so. Mr. F. D. S. 
Richardson has reviewed much unpublished evidence tending to show that the Eulepidina fauna 
preferred deeper water than the N. fichteli fauna. Whilst the Eulepidina fauna has often been regarded 
as younger than the N. fichteli fauna a reversal of this order of superposition occurs at Gach Saran and 
Kub-i-Dalu. 

10. The Bryozoan-Algal Reef Facies (“‘ A”’).—The most distinctive member of this biofacies is a 
floral element. A new species of algae (cf. Lithophyllum) is easily recognizable wherever it occurs, 
usually in association with abundant R. viennoti, Cycloclypeus, Lepidocyclina (Nephrolepidina) spp., 
and bryozoa. 

This biofacies is found at the very base of the Asmari Limestone in the Gach Saran area and again 
at Kabir Kuh 280 miles to the north-west. Mr. F. C. Slinger has recently found it in Kuh-i-Pabda. In 
each place it is found overlying the Oligo-Eocene marly beds with Haplophragmium slingeri Thomas 
and underlying beds with Praerhapydionina delicata Henson, above which come Eulepidina beds. The 
successions are homotaxial and probably contemporaneous. It is probable that elevation, either by 
sedimentation or earth movements, brought these parts of the sea floor into depths at which algae, 
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_ bryozoa and perforate foraminifera could flourish in great abundance and build-up low flat reefs. 
Reef limestones higher in the sequence (above the Eulepidina beds) contain the same species of bryozoa 
and foraminifera, but the distinctive cf. Lithophyllum species is not found at the higher levels. It does 
occur, however, in the middle of the Khamir Limestone of Kuh-i-Khamir in beds with abundant 
N. fichteli. This helps to confirm the Oligocene age of the biofacies at the base of the Asmari Limestone 
of Gach Saran and Kabir Kuh. 

11. Oligo-Eocene Marls faunas (“H” and “ Z’’).—The Asmari Limestone is usually underlain 
_ by a marly facies of the Eocene and Lower Oligocene. The rocks are marls, marly limestones and 
calcareous shales with a microfauna of Globigerinidae, Buliminidae, Lagenidae and allied families. 
A high zone in this marly facies is characterized by the occurrence of Haplophragmium slingeri Thomas 
( H” fauna), which has been found at several localities, as shown in Fig. I. Lower beds are characterized 
by Zeauvigerina iranica Thomas, a distinctive Bolivina sp., Hantkenina sp., Rectogiimbelina sp. and 
Planulina sp. (“ Z” fauna). The ““H”’ and “‘ Z” faunas have not been found interbedded or in the 
reverse order of superposition. There is a definite upper limit to the “‘H” fauna at Kuh-i-Asmari, 
although the same marly lithological facies persists to higher levels. This part of the marly facies is 
without Haplophragmium slingeri Thomas but contains Zeauvigerina khuzistanica Thomas. The 
“iH” and “Z” faunas are therefore regarded as good zone faunas for the marly facies, and the 
upper limit of the ““H” fauna can be used to control the correlation of the variable facies in the 
adjoining Asmari Limestone formation. Although it usually underlies the ‘‘ A”’ biofacies and never 
overlies it, there is evidence to show that the ““H”’ fauna is roughly equivalent in age to the “A” 
biofacies. Marly beds with the “‘ H ” fauna of Kuh-i-Narak can be traced laterally until they pass into 
Basal Asmari Limestone at Tang-i-Gurguda with the “A” biofacies. At Kuh-i-Pabda the “Z” 
fauna directly underlies a more calcareous facies with N. fichteli, suggesting that the ““H ” fauna is in 
the marly facies of the Lower Oligocene. The “Z”’ fauna itself overlies an underlying Hantkenina 
fauna and so is probably of Upper Eocene age. 

12. Eocene Limestone faunas (“ D” and “ R’’).—In Luristan and in north-west Bakhtiari country 
the Asmari Limestone is found resting directly on “‘ Eocene” limestones. The “ D” fauna contains 
Discocyclina cf. pratti (Michelin) and Nummulites cf. striatus Bruguiére, indicating an Upper Eocene 
age; it is separated from the Asmari Limestone by limestone conglomerates at the Sehzar Gorge. 
The “‘ R ” fauna underlies the ‘‘ D”’ fauna at the Sehzar Gorge, but at Chin-i-Zal it is separated from 
the Asmari Limestone by a zone of crystallized limestones which may represent a considerable break 
in time. 

The “R” fauna is a very distinctive one with Rhapydionina, Rhipidionina and new species of 
Peneroplidae and Miliolidae. It appears to be of Upper Lutetian or Upper Eocene age. 


III. DISTRIBUTION OF THE BIOFACIES 


The occurrence of the biofacies described above in SW Iran and contiguous territory in Iraq is 
illustrated in Fig. I. The general order of succession of biofacies and their distribution in the principal 
sedimentary environments is summarized in the accompanying table. 

The “‘ N ” fauna and the “‘ N” fauna with Heterostegina are found only in the upper parts of the 
limestone and the beds containing them are often underlain by indications of a break in sedimentation. 

The “ T ” and “ L” faunas are regarded as the basic faunas of the Miliolid and Reef facies respec- 
tively of the Asmari Limestone formation. In the former facies two distinctive faunas of stratigraphical 
value are recognized—the “P” and “S” faunas. The “ P” fauna has been found in SW Iran only 


in rocks later than those containing the ““S” fauna and the known reef facies-faunas. It is conse- . 


‘ 


quently regarded as a good stratigraphic index fauna in SW Iran. The “S” fauna is found in the 
lower levels of the Asmari Limestone formation interdigitating with the various faunas of the reef 
facies. In SW Iran the index species of the fauna, Praerhapydionina delicata Henson, appears to be 
restricted to the Oligocene and lower levels. It is never found overlapping the “ P” fauna, although 
both faunas occur in the same sedimentary facies. 
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oe In the reef facies the basic ‘‘L” fauna is present throughout, but local zoning is possible by 
discrimination of the “‘ A” biofacies and the “F” and “Y” faunas. At Kuh-i-Khamir the most 
distinctive element of the ‘“‘ A ” facies, the cf. Lithophyllum sp., has been found in beds with abundant 

Nummulites intermedius-fichteli. The latter fossil probably has a much longer range in time than is 

indicated by the occurrence of the ‘‘ F” fauna in the above table. In the Shiraz, Jahrum and Bandar 

Abbas regions Nummulites intermedius-fichteli is extremely abundant in a non-reef facies and forms 

the major part of the local limestone. Before the true relationships of this limestone to the reef facies 

of the Asmari Limestone can be firmly established a study will have to be made of sections intermediate 
between Gach Saran and Shiraz. 

| The “E” fauna is roughly contemporaneous with the “F” and “S” faunas in the sections 
studied so far. It is found in thin-bedded limestones which appear to have been accumulated in deeper 
water offshore from the reef facies. 

. The “ H” fauna is roughly contemporaneous with the “‘ A” biofacies; broken fragments of the 
index species, Haplophragmium slingeri Thomas, are found sometimes in the reef facies associated 
with the “ A” biofacies. It is more commonly found in its native environment in the marls or shales 

_ which are widespread geographically in the lower part of the Oligocene of SW Iran. The occurrence 

: of the “ H” fauna is used to control the correlation of the overlying “S,” “T,” “L,” “F” and 

_“E” faunas. The short stratigraphical range of Haplophragmium slingeri (“‘ H” fauna) in strata at 
Kuh-i-Asmari which are in the marly facies from Eocene to Upper Oligocene suggests that it is a good 

time index fossil. 

The “ R,” “ D” and “ Z” faunas are the Upper Eocene biofacies of the Miliolid, Reef and Marly 
facies respectively. They are usually separated from the overlying beds by indications of a break in 
sedimentation, either conglomerates and an erosion surface as at the Sehzar Gorge, or a condensed 
sequence of beds crowded with foraminifera, glauconite and collophanite which is generally the case 
in the marly facies. 

Several of the biofacies described are regarded as approximately contemporaneous. Their order of 
occurrence in any one stratigraphical sequence depends upon the local geological history, and in other 
sections the sequence may be reversed or repeated several times. When the order is reversed and the 
same basic biofacies is repeated in the succession, it is found that certain species are of restricted 
vertical range and are of correlative value. It is the task of future palaeontological work to isolate 
more of these species of limited range and to define with greater precision the limitations of biofacies 
in relation to sedimentary environments. It is hoped that the results chronicled in this note will provide 
the framework for further and more detailed work. 
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DISCUSSION 


A. E. TRUEMAN asked whether the author had used the method of cellulose peels in the investigation of his material. 

If the limestone could be suitably treated in that way it seemed to him that it might provide a means both of getting a 
‘ complete knowledge of the structure of an organism and of providing a basis for a three-dimensional reconstruction. 
| Cellulose peels would also provide a complete record even of small specimens which were ground away. He suggested 
i that this might supplement sections in giving an adequate basis for the description of new species. 
L. R. Wuson asked if the author had seen any of the Silicoflagellates in his material, because in America they were 
1 now being found in abundance and were good horizon markers. 
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3 ON THE DISTRIBUTION AND LITHOLOGICAL _ 
IMPORTANCE OF NANNOCONUS LIMESTONES IN THE 
_ BATHYAL FACIES OF THE LOWER CRETACEOUS OF THE 
WESTERN MEDITERRANEAN 


By G. COLOM 
Spain 


ABSTRACT 


The extent and importance of the facies of fine-textured, sublithographic limestones containing Nannoconus is 
beginning to be well-known in the countries situated about the Western Mediterranean. 

This paper presents a brief account of the range of this peculiar and formerly imperfectly known facies that is always 
found throughout the bathyal zones of Lower Cretaceous deposits. 

The cement of these fine-grained limestone sediments is made up of an enormous accumulation of Nannoconus tests, 
nearly always associated with large quantities of radiolaria replaced by calcite, abundant fossil tintinnid loricas similar 
to existing species of tintinnids (oligotric planktonic infusoria), and two species of chlorophyllaceous algae belonging to 
the group of the Protococcaceae, Globochaete alpina Lombard and Eothryx alpina Lombard. 

Up to the present Nannoconus sediments have been found in the Italian and Swiss Alps, in Provence (France), in 
the Balearic Islands (Ibiza and Majorca, but not Minorca), and in the Spanish Alpids (Caravaca, province of Murcia). 


HIS curious litho-palaeontological facies is now beginning to be well known throughout its 
classic locality of the Western Mediterranean. Its importance as a lithological element 
characteristic of Lower Cretaceous bathyal formations in the Mediterranean region grows 
more evident as our knowledge of its composition and geographical extent increases. Formations 
containing Nannoconus are now described in modern manuals of palaeontology, e.g., Glaessner (1945). 

The writer has devoted a series of studies both lithological and micro-palaeontological in nature 
to this class of sediments since 1928; the latest, 1948a, is an extensive work in which the vicissitudes 
of pelagic sedimentation over the area of subsidence of the Mesozoic deposits of the Balearic Islands 
are followed in detail. An appreciable amount of data is now held on these once enigmatic formations, 
but it is not sufficiently detailed as yet for several countries. The purpose of the present paper is to 
give a summary of the data known. 

Nannoconus was discovered by Professor J. de Lapparent, of the University of Strasbourg. In 
1925 (de Lapparent, 1925a) he first described a new kind of fine-grained limestones formed in great 
part—or at times wholly—of minute, calcareous microfossils 25 to 30u long. These he named 
“‘embryons de Lagena,” as he supposed them to represent an early stage of development of a fora- 
minifer belonging to the genus Lagena. 

I was able to study this—at that time strange—facies with de Lapparent at Strasbourg in the following 
year. His material had been obtained from two different localities. Some came from the Gigondas 
massif in Provence and belonged to Berriasian strata from the environs of Suzette; the other rocks 
were from the Balearic Islands (Spain) and had been collected by Professor Paul Fallot from Neocomian 
strata. 

On returning to Spain I began the study of the Mesozoic deep-sea formations of the Balearics and 
found these fine-grained, sublithographic limestones replete with de Lapparent’s “‘embryons de 
Lagena.” Two notes (Colom, 1928a, 1931) published in Spanish reviews gave further details of the 
range and lithological characters of the facies. In the second, especially, I was able to give an almost 
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With the marae of these two notes, de Lapparent’s toe nate (his eantve ebaeke 
Lagena”’) and Nannoconus steinmanni Kamptner were shown to be identical. But more impor 
than the clearing-up of the synonymy of the organism in question was the revelation of a wider distri- 
bution of the new lithological facies along the abyssal zones of the Mediterranean geosyncline during : 
the Lower Cretaceous. 4 

Subsequently, these microfossils were recorded from different zones of the Swiss Alps by Professor — 
Cadisch in a work on the geology of that region (Cadisch, 1934), and again by G. Murgeanu, of 
the Geological Institute of Bucharest, from Lower Cretaceous levels also, in the valley of Prahova, — 
near Comarnic. In the Rumanian deposits they were not abundant, as the deposits had been subjected, 
Murgeanu points out, to strong near-shore influences (Murgeanu, 1931). 

Later, Professor de Lapparent demonstrated that the fine-grained sediments of the white, 
sublithographic limestones called “‘ Biancone,” from the region of Val Breggia, near Chiasso in 
Northern Italy, were, seen under the microscope, none other than fine lime-mud containing enormous 
quantities of Nannoconus shells associated with calcite moulds of Radiolaria and several different a 
species of Calpionella. His note (de Lapparent, 1935) gave very interesting new information on their 
geographic and stratigraphic distribution. 

There is now no doubt that Lagena colomi and Nannoconus steinmanni are the same thing and that 
these names are synonyms. It must be, and it has been, admitted that this fossil is not a true Lagenid 
and that, therefore, the generic name to prevail should be the one given it by Kamptner. The present 
complete synonymy might possibly be as follows: 


Nannoconus colomi (de Lapparent), 1931 


1925a ““ Embryons de Lagena ”’ de Lapparent, p. 104, fig. 1. 

1925b *‘ Embryons de Lagena”’ de Lapparent, p. 351, Pl. X, fig. 1. 

1928a “ Embriones de Lagena ”’ de Lapparent; Colom, p. 393, Pl. X, figs. 1-3. 

19285 “‘ Embriones de Lagena ” de Lapparent; Colom, Pl. I, figs. 1,2. 

1931 “* Embriones de Lagena”’ de Lapparent; Colom, p. 529, Pls. V—VIII. 

1931 ‘‘ Embryons de Lagena’’ de Lapparent; Dervieux, p. 21. 

1931 Lagena colomi de Lapparent; de Lapparent, p. 222. 

1931 Lagena colomi de Lapparent; Murgeanu, p. 281. 

1931 Nannoconus steinmanni Kamptner, p. 228 (with figures in the text). 

19345 Lagena colomi de Lapparent; Colom, p. 5. 

1935 Lagena colomi de Lapparent; Thalmann, p. 715. 

1935 Lagena colomi de Lapparent; de Lapparent, p. 43. 

1944a Nannoconus colomi (de Lapparent); Fallot, pp. 10, 12, 37, 38, 90. 

1945 Nannoconus colomi (de Lapparent); Colom, p. 123. 

1948a Nannoconus colomi (de Lapparent); Colom. 

1948b Nannoconus colomi (de Lapparent); Colom, p. 252, fig. 7. 

The taxonomic position of Nannoconus is still undefined. From the beginning some investigators 

have considered these fossils as true foraminifera because of the peculiar structure assumed by the 

calcite of the test walls. Others suppose that they might have belonged to certain very inferior groups 

of algae that produced calcareous tests sheltering chromatophores and moved by means of one or more 
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flagellae. Again, it is even believed that they are simply crystallizations of calcite in a strong lime 
medium. . 

The test of Nannoconus is calcareous, hialine, conoidal and somewhat flattened at the base. Its 
length varies between 25 and 30u. Its wall is composed of a series of calcite laminilles not always equal 
in size, disposed more or less at right angles to the axis of the test and arranged in a single layer. 
Between the laminilles there exist very fine canals communicating with the exterior and thus giving 


___ origin to the secondary perforations of the test. This recalls the wall-structure of several genera of the 


foraminifera; the latter, nevertheless, always reach a higher grade of complexity. The central cavity, 
in which the protoplasm would have lodged, is generally reduced to a simple, narrow canal. In some 
specimens its base is slightly more widened than in others (Colom, 19485, p. 252, fig. 7). This cavity 
narrows progressively and at the mouth measures barely one p in diameter. 

In thin rock-slices the countless, diversely oriented and haphazardly sectioned’ shells present a 
false fibrous appearance. When sections are obtained exactly along the longitudinal axis of the shell, 
they are then seen quite clearly (Colom, 1948b, p. 252, fig. 7). In transverse sections, however, they 
resemble coccolith discs, and Steinmann took them for such when he came upon them in his studies 
of the deep-sea sedimentation of the Alps. 

The constant symmetry of these shells—all alike in the hundreds of specimens that I have been able 
to study both in hard limestones and free and separate in marls from the lowest levels of the Majorcan 
Aptian—leads me to consider them micro-organisms and not simple crystallizations of calcite. 

Although its wall-structure may in a way recall that of certain foraminifera, it does not seem 
possible at present to continue including Nannoconus in that group. Its minute size, the simplicity of 
its test, lacking a proloculum or initial chamber, and the fact that microspheric and megalospheric 
forms cannot be distinguished among the specimens, have led me to withdraw it from the foraminifera 
(Colom, 1945). I still consider it a doubtful form. Compared with other microscopic organisms, it 
reveals close affinities with de Lapparent’s Fibrosphaera (Colom, 1945; de Lapparent, 1924), whose 
taxonomic position is also uncertain. Fibrosphaera is a calcareous body, spheroidal in shape as its name 
implies; its wall-structure is analogous in arrangement to that of Nannoconus. Its diameter is also 
some 30. It was first described by de Lapparent in 1924 as occurring abundantly in fine-grained 
sediments of bathyal origin, both from present seas and from the Jurassic and Cretaceous. 

From a palaeontological point of view, the chief problem Nannoconus presents is its taxonomic 
position. But interesting as its morphology and systematic relationships may be, an even more 
interesting point for the geologist is the intense part it has played as an element of prime importance in 
the formation of marly-limestone bathyal sediments in the Upper Tithonian and Lower Cretaceous of 
the Alpine-Mediterranean region. Nannoconus sediments represent a very peculiar lithological facies 
which may be described as follows. 

The sediments—especially when the facies is very pure—appear in the form of compact, hard, 
marly-limestones, white or grayish-white in colour, and sublithographic in aspect because of their 
exceedingly fine matrix. The alternation of their beds with others of like nature but more clayey and 
so somewhat greenish, especially in Spanish deposits, is another wide-spread character. In the 
Balearic Islands and the regions of the Sierras Beticas, the majority of the deposits generally contain 
very richly fossiliferous strata with an exclusive fauna of ammonites indicating, at different localities, 
Valangian, Hauterivian and Barremian beds. Among these ammonites the smooth forms—Phylloceras, 
etc.—very characteristic of Mediterranean Tethyan bathyal deposits, predominate and give a typical 
faunistic whole of stenothermal beings. The analogies of these associations of Balearic ammonites 
with their contemporaries from other nearby localities, such as the Vocontian fosse in Provence 
(France) and the deep-water deposits of Algiers and Tunis, are well-known. 

Seen under the microscope Nannoconus sediments resolve into a fine-grained lime-mud, comprising 
three basic elements: coccolith discs, Nannoconus and calcite granules. The coccolith discs are 
extremely abundant and are easily visible on the thinner edges of slides, as they give under crossed 
nicols a very characteristic helicoidal black cross. Nannoconus shells predominate in the sediments. 
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sediments in which the fluctuation of the three elements may vary within certain limits. In spite of 


throughout the cement. Where the facies is very pure, however, calcite in grains o rhomb 
scarcely exists or is totally absent. At other times the calcite may predominate and give eae 


the preponderance of Nannoconus is always such as to warrant designating the sediments by this 

Few mineral elements are present, for it is characteristic of the facies that, owing to its depth or to 
the pelagic nature of its deposits, the amount of detritic material that could reach them may be 
considered a minimum or nil. At the initiation or the continuation of a coastal regime with its conse- 
quent introduction of clastic elements, Nannoconus tends to disappear rapidly. The siliceous residue 
obtained from this limestone in the Balearic Islands and the Spanish Alpids gives, then, only a few — 
quartz granules, rare muscovite straws, an occasional tourmaline or zircon crystal, and, in some | 
deposits, very rare, minute grains of glauconite. The scarcity of this last would seem to indicate that — 
they were not formed “in situ” but, rather, originated in-a distant zone situated possibly nearer the | 
coast. Other amorphorous granules of calcium phosphate, probably fragments of pone: ADs from 
time to time in the slides. 

In many of the sediments there seems to exist a slight, siliceous impregnation, rapidly - cas 
when a rock-section is attacked by acid. Under crossed nicols this impregnation becomes, in some 
cases, quite clear. > Poe 

The only organisms seen in the sediments are essentially pelagic ones and they belong to thee 
different groups: Radiolaria (frequent and constant in almost all the beds), Tintinnids (infusoria of 
the Order of the Oligotricha), and chlorophyllaceous algae of the group of the Protococcaceae. 

Radiolaria are extremely abundant, and more so at some levels than at others; this may bedueto | 
the better preservation of their skeletons at such levels by the calcium carbonate that replaces the 
original silica. In general, only simple moulds, filled with calcite crystals and with no traces of their 
peculiar structure remaining, are found, but in some cases the central capsule, long spines and other 
characteristic fragments are admirably preserved. In some few instances my slides show skeletons 
completely replaced by iron oxide, but otherwise they are all replaced by calcite in these Cretaceous 
formations. It is evident that a rich and constant plankton of Radiolaria was maintained during the 
course of numerous ages over the zone of subsidence of the Upper Jurassic and Lower Cretaceous seas 
of southern Spain and the Balearic Islands. 

The second group of planktonic organisms frequent in these deposits is that of the Tintinnids, 
formerly known as the Calpionellae. Their taxonomic position was defined in 1934 (Colom, 1934a), 
the discovery of a number of quite varied species of Calpionella enabling me to attribute these once 
enigmatic forms to the large group of free-swimming, planktonic, oligotric infusorians that are still 
very abundant in existing seas. This identification was confirmed by Thalmann (1937b) and 
Deflandre (1936). 

The first Calpionella described was @ alpina Lorenz (Lorenz, 1901). In 1932 Professor J. Cadisch, 
of Geneva, recorded two other species, C. elliptica Cadisch and C. oblonga Cadisch (Cadisch, 1932). 
Many more species of fossil Tintinnids are now known, some of them notable for their size and for their 
morphological similarities to living genera (Colom, 19485). 

Tintinnids occur in great masses in Nannoconus sediments. Their loricas, beautifully replaced by 
calcite, appear white against the dark gray matrix; their walls are thin and give perfect silhouettes 
resembling funnels, chalices, and other shapes, and sometimes show long, caudal appendages. Some 
beds are replete with them, while in others they are scarce or wholly lacking. In general in the Balearic 
Islands the same rhythm of frequency between Tintinnids and Radiolaria is observed as was noted by 
Andrusov & Koutek (1927; and Andrusov, 1931) in the Carpathians; that is to say, where the one — 
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Tithonian Berriasian | Valanginian | Hauterivian 


~ Calpionella “ages PRpee RT ke, (ne eee SS SRE ag 
Aget Ipionella elliptica Cad. .............. —____. 
 Calpionella undelloides Col. ......... —|—__ : 
 Calpionella massutiniana Col. ...... na eS 
i Calpionellopsis thalmanni Col. ...... Sasa 
_ Calpionellopsis simplex Col. .......... er 
_ Calpionellites darderi (Col.) ......... eS 
-Calpionellites neocomiensis Col. ..... a ——— 
Stenosemellopsis hispanica (Col.) ... a 
Favelloides balearica Col. ............ oo el 
Favelloides pseudoserrata Col. ...... me | — — 
Tintinopsella carpathica (M. & F.).. — 
Tintinopsella longa (Col.) ............ = 
Tintinopsella cadischiana Col. ...... | 


_Tintinopsella batalleri Col. ............ 
Amphorellina lanceolata Col. ........ 
Amphorellina acuta Col. .............. $$ |—_— 
Rhabdonelloides inesperatta Col. ... SSS 


I think that there is no longer any possible doubt as to the true nature of the so-called “ Calpionellae.”’ 
They now figure as true fossil Tintinnids in such authoritative works as, for instance, the “* Manuel de 
Paléontologie ” of Professor L. Moret (1940). Therefore, I do not agree with J. Wanner when, in 
creating a new family, Codosinidae, for a group of protozoa whose systematic position is still doubtful 
[in a work published in 1940 (Wanner, 1940) but which did not come to my notice until recently], he 
includes among them the former genus Calpionella. 

The third and last group of pelagic organisms was described by Professor Lombard, of Geneva, in 
1937 and 1945a. These are two species of very simple, minute algae, whose preservation it would 
seem impossible to effect in any class of sediments whatever. They are, nevertheless, found admirably 

preserved in slides from the Tithonian and Neocomian of the Balearics. One—the more abundant—is 

a chlorophyllaceous protococcacean, Globochaete alpina Lombard, and the other, Eothrix alpina 

Lombard, belongs to the Ulothricaceae. Both species occur in great numbers in the Balearics, but 

never in so great an abundance as Nannoconus, Radiolaria and Tintinnids. They are also abundant in 

Tithonian levels of the Swiss Alps in facies similar to the Balearic ones, according to Lombard. 

The marly limestones containing Nannoconus are, then, very pure, typically pelagic formations, 
characteristic of a warm sea in which, among other organisms that have left no traces, Radiolaria, 
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seen, to be dying out. We must remeniber that j in Maiorea the marly one with Radiol 
during the Upper Lias and persist with great uniformity up to and including the Barrem 
Nannoconus limestones, however, first occur only in the uppermost strata of the Tithonian. 
appearance coincides undoubtedly with a progressive increase of depth in gi entire zone of subside’ ce 
and a stricter prevalence of a very pure, pelagic regime. \ 
Nannoconus facies, then, make their appearance at the end of the Tithonian in the domains ich 
_ Sierras Beticas and the Balearic Islands, their first, very typical beds resting on the pink or varicoloured 
limestones called by French geologists “ fausses-bréches.” The lowest strata of the latter are rich it 
Radiolaria, Globochaetes and Tintinnids, this last represented by three species, two of which— 
Calpionella alpina Lorenz and C-. elliptica Cadisch—are extremely abundant. “ F ausses-bréches ”” are 
widespread in the Spanish Alpids. They are fine-grained sediments whose tranquil formation was — 
interrupted by strong submarine currents that shifted them in part upon themselves and produced the — 
pseudo-brecciated structure to which they owe their name. They are composed largely of organic 
detritus. q 


n 
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Fic. 1. 


1. Iberian meseta. 2. Limestone “ fausses-bréches” facies along the Spanish Alpids, with fossil Tintinnids 
(=Calpionellae) and Nannoconus in their uppermost beds. 3. North African Tithonian with Tintinnids, but in which 
beds with Nannoconus have not yet been observed. 
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formations are also at times deep-sea but with marked terrigenous influences, and the 
way to strongly calcareous, detritic sediments with, at some localities, large colonies of 


Africa, Tunis and Algeria. Future investigations may possibly reveal their existence there. 


_-CapiscH, J. 1932. Ein Beitrag zum Calpionellen-Problem. Geol. Runds., 23, pp. 241-257. 


is not known, so far as I am aware, if facies with Nannoconus occur in the bathyal depo 


Wherever Nannoconus-bearing facies have been found, it has been demonstrated that hey. r 
appear during the uppermost Tithonian and persist during the entire Neocomian s. 1., reachin: 
times, as in the Balearics, the base of the Aptian, where they’ then disappear rapidly because fo 
abrupt change in the conditions of sedimentation. 

Up to the present Nannoconus formations do not seem to have been cited from the Oppe Cretaceous 
and the data we have as to their importance and extension in Lower Cretaceous beds of Easter 
Mediterranean bathyal zones are still limited, unless my information is incomplete, to the work by the 
Rumanian geologist eae (1931) cited a 
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-SOME FUNDAMENTAL ASPECTS OF CORRELATION 
(SUMMARY) 


By A. E. TRUEMAN 


HE discussions which took place during the three sessions held by Section “‘ J’ emphasized the 
great range of detail, applying to countries covering nearly the whole of the world, which had 
been brought to their notice. It is, of course, impossible to collate many of these details in any 

brief summary. But the discussion emphasized several significant features in the ways in which 
palaeontology and stratigraphical geology were being developed to deal with problems of zonal 
correlation. 

In the first place it was clear that palaeontologists were greatly extending the variety of organisms 
which they were bringing into use for the purposes of correlation. The great increase in the attention 
which was being paid to foraminifera during the past generation was of outstanding significance; 
Mr. A. N. Thomas provided them with an account of some of the problems raised in the use of those 
organisms in detailed correlations where there were variable facies. Similarly in more recent years the 
use of conodonts had made very great progress; they were indebted to Messrs. Branson and Mehl 
for their exposition of this subject. Dr. Yen was seeking to develop the use of such difficult organisms 
as the freshwater molluscs, Professor Harris and Dr. Wilson had illustrated the ways in which the 
micro-floras could be used, and Dr. Dijkstra had indicated the utility of megaspores in Carboniferous 
correlation. There was little doubt that future work would show further extensions of all these branches 
of study. 

In the second place many of the contributions had shown that organisms which at first sight would 
have appeared unsuitable could be used as a basis for local correlation. The work of Dr. Wilson in 
tracing thin horizons in the Tertiary deposits of the U.S.A. illustrated these possibilities. Indeed, 
there might be a temptation to suggest that correlation over limited basins, and in some cases over 
quite extensive areas, was proving much easier than might reasonably have been expected. But as 
Professor Renier had said, local correlations (often dependent on facies) must not be expected to be 
capable of unlimited extension. The fact that these local correlations broke down when they were 
carried too far did not mean that they were not valuable, but palaeontologists must always be aware 
of the danger which arose from the apparent ease with which local correlations could be made. As 
Professor Renier had made clear, inter-continental correlation ifvolves many problems which 
geologists must bear in mind when reaching conclusions. 

Another feature in the discussions was the realization that both faunal and floral evidence is valuable, 
and that those studying these different types of material must be prepared to take into account the 
results of their colleagues. This was rather a different position from that which existed in some countries 
a generation ago; it is clear, however, that when properly understood, and with due allowance for 
facies changes, the faunal and floral evidence must lead to the same conclusion. Where the evidence 
is incomplete, however, it is better to emphasize that correlations are only tentative, as Professor 
George and Mr. Lacey had indicated in the case of the Lower Carboniferous rocks of Britain. 

The problems of correlation of distant areas are less difficult in many cases than the creation of 
a satisfactory classification of the stratigraphical column applicable to the same areas. This is clearly 
seen in the account which Dr. Librovich had given of the Lower Carboniferous rocks of the U.S.S.R. 
He emphasized, as other workers had done before, that in Russia the Namurian is more conveniently 
classified with the Lower than with the Upper (or Middle) Carboniferous, though in Western Europe 
generally, as in Britain, the main part of the Namurian passes upwards into the Upper Carboniferous 
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and forms a natural part of it. Yet the faunal evidence shows that essentially the Namurian of Russia 
corresponds with the Namurian elsewhere; correlation is possible but classification into major 
divisions at present raises greater difficulties. ; 

This type of problem arises when most System boundaries are being considered. It appears that 
the more finely it is sought to divide the stratigraphical column the smaller the horizontal distances 


_over which the divisions can be accurately identified (with some notable exceptions); world corre- 


lation must be based on broad divisions, but even then the boundaries between these divisions may 


_ become increasingly vague as the distance over which they are traced grows. 


It is important that students should realize these points. There is perhaps a tendency for 
students still to inherit something of the mind of the old geologists who believed that catastrophic 
changes terminated the deposition of each System. They still tend to think too frequently that there is 
a real distinction between Devonian faunas and Carboniferous faunas which should be world-wide, 
as if a person who had lived through that episode in whatever part of the world would have noticed some 
change in faunas. Expressed in that way, the unreasonableness of this view is apparent, but geologists 
still too frequently try to find a boundary which they hope will be world-wide. Ought we not to recognize 
that in seeking a world classification with such firm boundary lines we may be chasing a Will 0’ the 
Wisp ? 


DISCUSSION 


R. C. Moore considered that it was important to note that so many stages were recognizable in so many widely 
separated areas, and that that was more important than that the boundaries of stages were indefinite in a number of places. 

CHR. POULSEN proposed that when the correlation of formations of different regions was certain the older of the 
formational names in question should be considered valid, and superfluous names should be omitted in order to simplify 
the stratigraphical correlation tables. 

O. H. SCHINDEWOLF said: ‘‘ Die Vortrage und Diskussionen in unserer Sektion haben gezeigt, welche Fiille 
verschiedener Tier- und Pflanzengruppen mit Erfolg zu biostratigraphischen Zwecken herangezogen werden kann. Die 
beschrankte Anzahl der fritheren klassischen Leitfossilien und leitenden Organismengruppen ist in den letzten Jahrzehnten 
betrachtlich erweitert worden. Die Richtigkeit unseres Grundprinzips der biologischen Chronologie und Stratigraphie 
hat keine Erschiitterung erfahren, abgesehen von Fallen falscher Bestimmungen und von Urteilen aus zu engem lokalen 
Gesichtswinkel, wofiir A. Renier Beispiele vorlegte. Wir werden daher auf dem eingeschlagenen Wege fortfahren und 
unsere Stratigraphie immer mehr zu verfeinern suchen: (a) durch vertiefte Untersuchungen und Unterscheidungen der 
bisher benutzten Leitformen, (5) durch weitere Heranziehung bislang noch nicht ausgewerteter Organismengruppen. 
Alsdann aber obliegt uns die Aufgabe, diese auf verschiedener Basis gewonnenen und zunichst parallel nebeneinander 
stehenden Gliederungen zu koordinieren und in unsere Standard-Gliederung einzuordnen. Hinsichtlich der Grenzziehungen 
werden wir haufig auf Kompromisse und Konventionen angewiesen sein. Soweit solche Fragen durch Kongressbeschliisse 
erledigt sind, sollte tunlichst nicht davon abgewichen werden, wie L. S. Librovich es gegeniiber den Beschliissen des 
Heerlener Karbon-Kongresses getan hat. Wenn ein Autor glaubt, mit triftigen Griinden solche einmal getroffenen 
Entscheidungen anfechten zu miissen, sollte diese Frage erneut vor einem Kongress gebracht und dann verbindlich 
entschieden werden.” 

H. DIGHTON THomas referred to the development of trends of evolution as worked out by A. E. Trueman in Liassic 
Gryphoeae and by W. D. Lang in corals. Although trends could, and did, recur in a group at widely separated 
intervals of time, nevertheless they often seemed to be run through contemporaneously, or nearly so. Thus we were 
often able to correlate faunas of different areas by the stages of evolution reached. T. C. Yen’s work appeared to 
demonstrate such a case. One would like to know the cause of such parallel developments in separated basins. The 
speaker also referred to the difficulty of the exact identification of species of hexacorals, especially, though not only, in 
thin sections. It often became apparent that a fossil “‘ species ’’ was really a species-group, so that caution was needed in 
using them in correlation of the narrower stratigraphical units. 
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